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TREATMENT OP PRACTURES AND BONE AND JO\NT 
SURSERY WITH THE STADER REDUCTION AND FIX 
ATION SPLINT 


C M SHAAR MO F A C 8 f 
<1 
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Treatment of fractures has received serious consideration 
by man> but while definite progress has been achieved from 
time to time it can nevertheless be said that this branch of 
surgery has not kept pace with other surgical developments 
The many advances in fracture treatment that have been 
made have been accomplished chiefly because surgeons with 
unusual mechanical talents have recognized the correlation 
between actual surgerj per sc and the strains and stresses 
that must be overcome and maimained to reduce fractures 
effectively and to hold this reduction until solid bonv union 
has occurred We might therefore visualize the management 
of fractures as a mechanical problem but one that must 
incorporate the surgeons knowledge of the anatomical 
structures involved-the soft tissue as well as the skeletal the 


systemic as well as the local— and also a thorough knowledge 
of the process of bone repair 
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which were similar m principle to those used b> Schan^L 
and later b> RiedeP in fernowl osteotomies and used siic 
cessftilly ifi this country by Anderson^ ** m treating 
fractures of the femur 

During the period of transfixation of fractures to elimimtc 
the necessity of conunufos traction efforts were also be\t\g 
made to eliminate the necessity for the use of plaster itself 
Although CodiviIIa and others ’ ” bridged 

Steinniann pins with external metal birs the method never be 
came popular because of the through and through pinning 
required Lamart in a descnption of angular pins placed 
through the outer and inner cortex onlv which he bridged 
in units by means of metal bars opened the approach to an 
c ternal mechanical method of treating fractures which 
could be applied to one aspect of the limb onlv therebv dim 
mating the objectionable through and through pinning and 
plaster 

Recognizing the greater ncctssity for the elimination of 
plaster m the treatment of ftactutes jn dogs because of phs 
ter soilage cast destruction by the patient the difficulty of 
applying plaster and mimtaining immobilization m the dog 
as well as the too often occurring gangrenous sequelae 
Stadcr * * developed a unique device for the treat 

ment of fractuces m which he combined mechanical teduc 
non and subsequent imuiobilization in a single compact unit 
Using the Snder reduction splint Lewis Breidenbach and 
Stader have in the past five years treated more than fiftv 
acute fractures of the lower leg m humans most of them in 
Bellevue Hospital m New "^ork Gty Their results were so 
outstanding as to interest us seriously m the continuance of 
this Work fn addition Stader and his associates have m the 
past ten years treated more than twtKe hundred fra tutes m 
the dog a ty pc of cxpencnce few of our present day inno 
vations m the treatment of fractures enjoy 
Stader first presented the advantages of his splint to us m 
DeCLinber 1941 Since that time a\C have used it m over 
forty cases of i anous tv pcs of fractures and orthopedic prob 
lems e reahre that this small number of cases and the short 
time mterv al d > not speak for a final evaluation of the method 
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HISTORICAL APPROACH 

The foundation of the ntodem advance in tl e treat iieiu 
( f fractures b\ means cf extemallv contrilled skeletal fix 
iti in \ as I lid b\ CodniIIa x ho first ti cd the principles of 
the Stemmann pins Phese he connected xath external bars 
u ifhout the use of plaster After the adv ent of the Stemmann 
pin \ anous interpretations of Its adaptation cpeciilh \ ith 
regard to external fixation of the pin with plaster or mechan 
ital devices were published b) mtm Tlie btenture pertain 
mg to the use of the pins or screws mserred intr I me frig 
nicnts above and below the fracture for the purpise of 
external fragment reduction control and subsequent fixation 
IS so volumnous (see Suppicmentarv Ribbograph)) that it 
max be \v ell to discuss bnefiv in general the v anous nietho Is 
so that the student of fracture treatment c-in v isuahzc n ore 
clenrl) the evolution of the advancements tint hue tal en 
phcc 

Until the principles of the Stemmann pm w ere described bx 
C>dniIJa m J9W the rreatmenr of frtcivits meant the use 
f plaster of pans or vanous methods of extern il tnciion an 1 
c untertracaon 

A\ith the advene of skeleral traction popularized b> Stem 
mann the next notewotthj advance was the incorporation of 
the Stemmann pins )r kirschner wires m plaster for the s 
called transfixation of the fragments Bohler s contributit n 
dunn<^ this phase x as outstanding His use of a simple rcdiic 
non frame and screxx traction apparatus m conjuncti n x atli 
pms or 1 ire introduced a new era in accepted fracture treat 
ment His persistent effons and successes xx ere ch efl> respon 
sible for the gradual elimination of pm phobn held then b\ 
man} surgeons and still retained bv some todix Hi s mple 
reduction frame is the basis for minx of the chboratc dex iccs 
nox offered the traumatic surgeon 
To ox creome the necessit) of through and through pins 
V hich obxiousl} cannot be used tn the upper femur CU} ton 
Parkhill m 1897 inscncd sere s from concx to cortex and 
then connected the sere s with an exTemaJ clamp m rreanng 
difficult fractures of the femur as well as other I ng b ncs 
Lamare desenbed half pms placed at an nngle tn each other 
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oon ^\hlch occurs at the fracture site during the process of 
bone repair The impacting adjustability of this splint with 
out fragment disalignment marks it as a dei ice far in adv ance 
of others 

The complete articular freedom abov e and below the frac 
ture afforded by the Stader splint decreases to a minimum 
the joint disabilities so often observed where joints have been 
immobilized over long periods of time The active motion 
possible enhances circulation reduces soft tissue atrophy fa 
vors early union adds greatly to the patient s comfort and in 
most instances renders the patient ambulatory from the first 
postoperative da> This last mentioned advantage is of spe 
cial significance in wartime as it permits evacuation of pa 
tients from danger zones either by themselves or with a 
minimum of assistance 

The structural qualifications of the Stader splint permit full 
weight bearing and it can be so securely locked into posi 
non that postoperative displacement is impossible Recently 
Haynes reponed an external mechanical splint Reduction 
however must be performed with a separate reduction device 
as IS the case with the Roger \ndcrson apparatus 

P n Seep ge 

Although the Stader spbnt does not eliminate pm seepage 
completely we have reason to believe that this has been re 
duced to a negligible factor There appear to be sev eral fac 
tors involved in the production of pm seepage the most 
important of w hich are stated below 

1 A not >et fully explained electneal phenomenon evi 
denced by galvanometnc readings is noted when two or 
more pins arc bridged b> metal bars of different electneal 
qualities such as would be the case in any mechanical external 
fixation device Electrolysis of the tissues as a factor in pm 
seepage suggested itself to Stader in his fracture work on 
animals He therefore incorporated in his device an elec 
tncally insulated pin bar to mtcrnipt this electrical disturb 
ance When contact of the pm with the external bar is inter 
rupted by such an electneal insulator galvanometnc read 
mgs at this hospital indicate that there is a definite electrical 



1540 C M SH^\R FRANK, t KREUZ J 

cmpIo>ed but we fed that the present ^\ar emergency re 
quires one to bring before the medical profession and the 
armed semces as quickly as possible any new method of 
merit for canng for the injured W c fed that this method is 
far supenor to any other prctiouslt employed 

ADVANTAGES OF THE 8TAOER REDUCTION SPLINT 

To US the outstanding advantages of the Stader reduction 
splint are the simplicity of the reduction manem ers coupled 
with Its compactness its relatively light weight and the fact 
that It IS applicable to one aspect of the fractured bmb only 
The fact that the adjustable connecting bar assembly remains 
after reducaon and then aers as the splintage has the further 
advanta<»e of enabling one ro make any desired adjustments 
at the bedside wTthout rcmo\in<r the patient to a special 
bulk^ reduction frame This advantage is of special value for 
example in leg lengthening operations and other operative 
procedures met v ith m bone surgery 

"With the Stader splmr therefore itisenardy feasible and 
may ofren be desirable aboard ship and in Held hospitals to 
apply the splint as a reduction and immobiLzing agent If 
secondary adjustments are necessarv they may be performed 
later m a base hospital under fluoroscopic control without 
sgbjecung the patient to any further surgical procedures 

subscribe fully to Bradfords statement wherein he 
points out the shortcomings of definite skeletal fixation He 
states Any form of rrearment rhar rends to fix fracture ends 
m a position of distraction cannot fail to delay and prevent 
union since the pins allow no backv ard sbpping and their 
posiuon IS locked in place Mcchamcal fixation should become 
a treatment of persistent controlled impaction which offers 
an advantage over any other method available except those 
suitable for w alking casts Lambottc anticipated this pnnciple 
over/orey years ago 

Bohlcrs success with walking calipers in obial fractures is 
due chiefly to the connnuous impaction of the fngments ob 
tamed No external or internal mechanical device examined 
by us V ath the exception of the Staefer reduction spbne per 
nuts M cek bv v eek impact ng to ov crcomc the bone absorp 
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disturbance present but that it remains static Turther studies 
are in progress with special cicctnci! measuring desiccs m an 
attempt to esaluate this problem 

2 The appbcation of >anous bulky dressings to the pm 
Sites tends to macerate the contiguous soft structures around 
the pins 

3 ^\ here the pins penetrate through thick soft structures 
subsequent movement between these soft structures and the 
pins has a tendencj to increase pm seepage This is of no im 
ponaiice as in eie/y case under our obsenaaon drainage 
subsided m a few days 

4 There is practically no pm seepage w hen the pins are 
properh applied and held firmly in place Seepage is more 
e\ident A\hen pins are inserted in cancellous or demineral 
ized bones or w hen the pins arc improperly seated in conical 
bones Bi improper seaong we mean failure to place the pins 
through both cortices or carelessness m placing the pins 
w hich results in the diameter of the channel bein" larger than 
that of the pm itself usuillj the result of unsteady pressure 
w hen dnlbng the pins 

In our senes of over forty cases (usino 160 half pins) pm 
seepage was observed in conjunction snth Jess than 10 per 
cent of the pins The seepage subsided in a fe v days ithout 
an\ irritation of the bone or soft tissue and in no case as 
there an\ evidence of osteomyelitis around the pins 

5 1 he introduction of pins into prev louslv tnumatized or 
dc itabzed soft tissues tends to vard greater pm seepage Th s 
seepage decreases in proportion to the tissue hcihng In our 
series of cases ve have not had any pm seepage of senous 
consequence and no complications have occurred as the re 
lilt of the use of pins 

APPLICATION OF THE SPLINT 

The actual application of the Stader reduction splint is n t 
difficult Special stainless steel pins A (see Figs 465 466 and 
468) sharpened similar to a trocar and of su table size are 
inserted through the pm guide holes m pm bars B and arc 
drilled into their proper position either by hand or ith the 
aid of a flexible shaft dnil (Fig 467) vhich may be either 
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semblj js properlj placed The pins arc then loched into the 
pm bar I'lth an easilj operated universal wrench (Fig 468) 
As a rule the pins are placed as near to the bone extrem 
ities as IS consistent with the amtomtcal structures involved 
This facilitates both reduction and fixation and m most lO 
stances a\ oids the insertion of pins near or into the fracture 
sue 

After both upper and loner pm assemblies have been 
placed approximate reduction and alignment of the frag 
mems are secured b> hand \\ hile this approximation is main 
tamed b\ the surgeon an assistant attaches the adjustable 
connecting assembly bar (Fig 465 Z) into position and ten 
tativelj tightens all the adjusting screws (FandG Figs 465 
466) with the fingers onlv Cxact reduction is now obtained 
b> means of wrenches activating the various mechanical ad 
justments illustrated m the diagrammatic drawings (Figs 
465 466) 

The actual application of the pins is earned out m the 
operating room with or without fliioroscopc gtudance It 
mas easilj be carried out aboard stup or in the field hospital 
Fluoroscopic guidance for reduction is of great value or 
a senes of x ra> plates ma> be made In transverse fractures 
after fragment alignment has been secured firm impacuon is 
produced by activating bar H (Figs 465 466) after which 
loci nuts I are tightened to prevent rotational displacement 
In oblique fractures impaction is obviously not feasible but 
side to side pressure is obtnined by properly adjusting screws 
G or F as the case mav demand 

\s a find procedure after proper reduction and impaction 
hav e been secured adjusting screw s and lock nuts are checked 
to make sure they are tight This then locks the reduction 
mechanism and the instrument now assumes the role of a 
splint 

The following cases arc presented not only for their in 
terest value but to show the wide range of adaptability of 
this splint in the treatment of fractures as well as m various 
orthopedic problems 
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hand operated b> an assistant or motor dn\en as m the 
Mueller bone engine 



F 467 -FI obi h { dnll 



>g 468-Un. hflVgpMuipb 


The upper p n assembl> is first placed in proper pos non 
then the loner part of the ettrem.ts is corrected for rota 
nonal d. phccment if present after which the loner p n as 
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FRACTURES OF THE SHAFT OF THE TIBIA 
The Stader splint is ideal for fractures of the shaft of the 
ubia especiall) those that are compounded comminuted or 
associated with se\ere soft tissue mjur> In transverse frac 
tures which so often are the cause of del3>ed umon or non 
union the splint also offers a \er\ important advance over 
the usuall> accepted forms of treatment because it allows for 
proper controlled wtpicuon of the fragments by means of 
the rigid adjustable connecting bar of the splint As stated 
before our observations m these cases are in accord with 
those of Bradford Technically speaking distraction of the 
fragments fav any means w hethcr by mechanical appliances 
or by transfixation in plaster is the same as ov crcxtcnsion 
which will always produce delated union or no union at all 
Controlled impaction to us is a definite answer to the 
problem of delayed umon or nonunion in transverse obial 
fractures In fractures that are compounded comminuted or 
associated with extensive soft tissue injurv the Stader splint 
IS ideal because it allows absolute rigid fixation of the frag 
ments while treating the soft t ssuc The wound excision or 
debridement is thereby simplified and idditional injury to 
the soft tissue resulting from traction and tissue handling 
including the use of bone holding forceps is obv nted or de 
creased to a minimum The splint also allows free access to 
the w ound and direct obsen ation to determine cirlv s »ms of 
gas infection or other complications 

There were five cases of acute fracture of the shaft of the 
tibia in three of which the fractures were compound and 
m one osteomv elitis as present The treatment in three of 
these cases has been completed and firm b nv union v ith 
complete function has been obta ned tw o patients are still 
under treatment with the splint and sho bonv un n but 
the umon is not v ct firm enough to allow remo al of th 
spbnt (See Table ) 


Case I (F c' 469) — E P a forty eight y r Id ni Ic s ffe ed 
a compo nd f t of the rght tibia at th ju ct f th 
middle a d lo er thirds d a rush g nj rv f th 1 “ ' * 
w th comminuted fr tu cs f all m t tars 1 b es The ot r 
r d caon spl nt w s ppl d on February 22 1942 unde t cal 
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C«E II (Fig 470) — C K. a t\ enty five vear old male had 
a compound fracture of the tibia at the junction of the middle 
and lower third The Stadcr spbnt was applied on March 20 
1942 ne d y after the accident Weight bearing was perm tied 
from the first postoperative da> There has been no muscle 
atr phv or pn seepage after fourteen weeks immobil zati n 

T fme 1 of Fracf et f tb Sh ft of the T b a w fh Short Frag 
m ts 


In order to allow free active motion of the adjacent joints 
if IS possible to incorporate fragments as little as inches 
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from the joint in the Stader reduction splint by 
special right angled pm unit (Fig 47 ]) 


means of a 
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Case II (Fig 470) — C K a twenty five vear old male had 
ompound fractute of the tiba at the junction of the middle 
and loA er third The Scader splint was applied n March 20 
1942 one day after the accident Wcght bearing \ a permitted 
from the first postoperative da> There has been no muscle 
atrophy or pm seepage after fourteen weeks immobilization 
T eatm nt f F et t of the Shaft f the T b a w th Sh rt F ag 
me h 

In order to allow free acme motion of the adjacent joints 
It IS possible to incorponte fragments as little as '* inches 
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from the joint tn the Steder reducuon sphnt by 
special nght angled pm unit (Fig 471 ) 


means of a 



155 '> 


C M SH^^R FRANK P KREUZ J 


There were three cases of fractures of the tibial shift with 
short fragments two with a histon of preiioiis osteomiel 
itis nonunion and loss of bone substance and one with ac 
ti\e osteom>el tis \1I arc under treatment at the present time 
and show excellent progress 

Case III (Fig 472) — \ H a sixcj o-j car old male p e 
sent d non nion of a fracture of lower end of left tib a and lo 
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There A^ere three cases of fractures of the tibial shaft with 
short fragments two with a histor) of prcMoiis osteom>el 
itis nonunion and loss of bone substance and one w ith ac 
tive osteomyelitis -MI are under treatment at the present time 
and show excellent progress 

Case III (Fi™ 472) —A H asxtytxojcrold male pre 
sented nonunion of fractur of lo r end of left tibia and loss 
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customar> to dela> at least six to twelve months after the 
osteomyelitic process had subsided Orr however success 
fully plated compound fractnres And recently McBride used 
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platino operation, and both ticre foUoncd by osteomyelitis and 
cxtrus on of the graft. The Stader reducuon spimt \ as appl ed 
on May 28 1942 and a full tfuckness tibial graft \ as inserted 
A ith no internal fetation 

Old F d t of Sh ft f Tt w iK L ss f B ne 
Bone grafting of the obia is gfe3tl> facilitated b\ first 
appl} mg the Stader rcducoon splint allotting rigid control 
of the fragments during the operation as ttcll as firm impic 
Don of the graft so that no added mtemal fixatiott of the 
graft IS required There tterc fi e cases m tthich bone grafts 
tt ere applied to the nbia \ nth the aid of the splint 

CtsE 1\ (Fig 473)— P H lift} three} car old m Ic had 
lost 4 inches of the upper thud of the tib a follot ing three un 
success! 1 oper cions f r nonun n The St der splint was ap 
plied on F bruai} 10 194 During tl e operation it t as p ss blc 
to lift up the entire I g b} gra ping the 7 inch full th kness 
graft ch a forceps, ithout an> mt rnal 6 uon of the graft 
Itself The spl nt as temored on \Uv 18 1942 at h ch tune 
clinical a d t ray et id ncc of beg nning bon} un on as pr eni 
The leg w as then supported in a plaster splint 
C mp u d Ffecf e f th Tb w th 0 f my 1 1 
The Stader reducuon splint ptobabl} has ns finest adapta 
Uon in the treatment of compound fractures 
C SE \ (Fi" 474) -C T a f rtv n ne y r Id lule suffered 
a c mpound fra nirc f the ni d h ft of the iib Foil \ ng the 
iTim diate nsen n f two plat s the \ as an e ten ve osteo 
m> eht s ith sloughing of the oft p its and etp c of the 
plates in the > ound On Mar h 9 194 one month aft the 
fr cture a St d r splint \ as appUed the pi t s remo ed d the 
bone th r ughl} s c ir d The wou d a p eked ith sul 
fandamd and saselinc gauze On th sec nd p toperat e da\ 
ihe pat ent as mbulat r> and guarded t e ht b ring \ as per 
mitt d His con alcscence as unctentful itl ut p n s II 
mg or f b le react o a d rec m t > s sho\ excellent b n\ 
he ling of the fracture s te In sp tc of f ur months mm b 1 za 
tion no pm seepage was pr sent 
Old Fret $ flh Tb wthN adOt my I» 

It w as alw ays taken for granted that an} bone grafting as 
contraindicated in the presence of ostcom}ebtis and it % as 
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mobilization of the part Because of this we decided to use 
the Stader reduction splint in conjuncaon with full thickness 
tibial mlav grafts in these cases We have three such cases 
under treatment at the present time all showing excellent 
progress The final results will be published at a later date 
A careful search of the literature reveals no previous attempt 
to treat such cases b> means of external mechanical fixation 
alone without additional internal fixation of the graft 

Case VI (Fig 475) — H G a forty five year old male had an 
old compound fracture of the upper third of the left tibia of 
two years duration He was treated at first b\ bone plate which 
sequestrated with loss of ’ inches of tibia Recently he suffered 
a fracture of the fibula with an acute flare up of osteomyelitis 
nd copious drainage The Stader splint v a$ applied May 8 
1942 and a 5 inch full th ckness tibial graft v as inserted with 
ut an> internal fixation A remarkable convalescence ensued 

V ith free motion of the leg thout pam or febrile reaction and 

V th subsidence of dra n ge m three weeks 


FRACTURES OF THE OS CALCI8 
Using the principles as set forth b> Bohler we have used 
a modified Stader reduction splint (Fig 476) in the treatment 
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applied on March "’4 1942 and removed on May 19 1942 
Guarded weight 1 earing was allowed from the third postopcra 
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absolute ngiditj at the same nme allowing for necessar} 
impaction and secondary ad|ustments as desired b> a simple 
adjustment of the rumbuckle or screw's After the reducoon 
of the shortening and the dispantj of the tuber joint angle 
necessa^^ compression of the os calcis is easil\ performed 
with the Bohler os calcis clamp without interference 

e hat e three cases of fractures of the os calcis treated b> 
this method The reduction was \erj simple and rapid and 
onh one case required slight secondan adjustment to obtain 
in exact anatomical result 


A 


F 4 7 (Cl ' n J P ) Fnctnt fIfoscaJ A S d os cilci 

pi ppl d B P r " n him C P w pe ny film D 

„ s en ith a <>< ''f' “ Th t 1 r | t 

ansi asraduadt ab ■ 5 d "" 

Ida g paasant Tha ni difi d Sc da aadnet spl a 
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applied on March 24 1942 and removed on May 19 194"’ 
C oarded weight 1 ear ng was allowed from the third postopera 
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Case \ III (Fg •^ 78 )— M M a thirtj eight j car-old male 
presented a fracture of the r ght os calc s There was consider 
able reduction of the tuber j int angle and moderate widening 
Red ction \ as performed on June 16 194’ eight days after in 
■jury E- act anatom cal repos non of the fr ‘nnents was obtained 
Guarded w e ght hear ng as alloA cd from the second post p 
erati e d > 

This method of reduenon and ftvation for fractures of the 
os calcis hj the Stader apparatus excels anj method we hate 
e\ er used 

FRACTURES OF THE SHAFT OF THE FEMUR 
Fractures of the shaft of the femur on board ship and in 
field hospitals offer a \ er> d fficult problem because of the 
lack of and inadequac) of the usual bulk-) reduction arma 
mentana required Treatment b\ continuous traction is im 
practicable in most instances Treatment b> plaster unmobil 
izaQon is difficult and unsatisfactor) The Stader reduenon 
splint offers a read) solution to this problem WTiile this 
splint IS comparamel) small and compact structurally it is 
strong enough not onK to maintain the reduction but also to 
allow some weight bearing 

C SE 1\ (F " 479) — W J a th rt> n o-year old male \ as 
found to ha e a trans erse f tore of the shaft of the rght 
femur at the )un ton of the upper and mddlc third compi 
ted b) sc 3U injurs from a relj crushing type f tra ma 
Th St der spl nt s as appt d on Dc ember 16 1941 and re 
mo% d on M rch 20 194 The was cl ni 1 evide cc of good 
bonj union 

Ml t d Ft + f Ih Sh ft f th F m 
■\Ve feel that the Stader reduction splint has its application 
m the openti e correction of xanous fracture deformities of 
the shaft of the femur Day to day control of the nsteot m 
ircd fragments permits gradual femoral lengthening as well 
as correction of the \ arus and other dcformit es 
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opcrauvcl) In the first two weeks 1 % inches of lengthening 
was obtained 

ARTHRODESIS OF THE KNEE JOINT 
Transfixation of the knee joint by means of the Stader re 
duction splint permits visual control of the bone ends and 
forceful impaction thereof before the wound is closed The 
uninterrupted impaction and fixation by the splint favors 
earlier arthrodesis 
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Case XI (Fig 481)— M E a fon>-«ght year-old male was 
seen with a set ere infecti os aithntis of the knee joint of cle cn 
jcars duration The St der spline las applied December 22 
1941 and permitted to r main for seven eeks 

PATHOLOGICAL DISLOCATION OF THE HIP 
During this senes of cases we were confronted with a 
pathological dislocation of the hip m an eJderly man who had 



alreadv been treated in a plaster spica for three months He 
had a staphv lococcus sepoeem a and a septic h p joint It as 
necess3r> to remo c the cast because of the formation of 
multiple pressure sores and severe pain incident thereto 
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There A\as a recurrence of the dislocation A\ith marked fcb 
nle reaction following the removal of the cast The patient 
wasmarkedl) emaciated and desperately ill It was impossible 
to treat him in extension or place him in another plaster cast 
Confronted with this problem we elected to immobilize the 
hip b> the use of the Stader reduction splint The hip was 
therefore transfixed from the wing of the ilium to the mid 
shaft of the femur after reduction of the dislocation A care 
ful search of the literature reveals no previous attempts to 
immobilize the hip joint bv means of a mechanical device 
bridging from the ilium to the femoral shaft (see Fig 482) 

CweXII (Fig 483)— H H a fon> eight year old male pre 
sented the findings above described The Stader splint was ap 
plied April 24 1942 the accompanying photograph being taken 
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pressure sores vith nuniiml pan and temperature reaction His 
general condition began to stcad\ improvement from the 
first da\ the spl nt as applied 

FRACTURES OF THE SHAFT OF THE HUMERUS 
Fractures of the humerus have been treated successfully b\ 
many methods practicaHy all of which however depend 
upon some form of joint immcAiIt/ation-either above or be 



lo \ the fracture or both Joint immobilization in these cases 
often produces prolonged disabibtv Therefore anv method 
of trearmenr v hicb cJinunarfs the necessity for immobiliza 
non of the joints w ould seem to offer a d snnet adv antage 
The Stader reduction splint not only allows us to treat frac 
rures of the humeral shaft with free adjacent joints but in 
addiuon permits more accurate reduction and firmer fitation 
The rigid fixation vnth this spl nt also decreases the tendenev 
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pressure sores \ th nunimal pain and ternperature reaction His 
general cond ti n began to shot tcadj impro cment from the 
hrst da> the spl nt % as applied 

FRACTURES OF THE SHAFT OF THE HUMERUS 
Fractures of the humerus ha\e been treated successfullj b\ 
many methods prjc:ucaH> all of which however depend 
upon some form of joint immobilization-either abov e or be 



tow the fracture or both Joint immobilization m these cases 
often produces prolonged dtSJbil t\ Therefore any method 
of treatment w h ch cLmimrcs the necessity for mmobihza 
non of the joints w ould seem to offer a distinct ad antage 
The Stader reduction splint not onI> alloi -s us to treat frac 
turcs of the humeral shaft v ith free adjacent joints bur in 
addmon permits more accurate reduction and firmer fi ation 
The rigid fixation s ith this splint also decreases the tendencj 
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towards excess callus formation which in turn not infre 
quentl> encroaches upon the radial nerve 
A modified type of the Stadcr splint (Fig 484) is pre 
sented because of its greater adaptability for fractures of the 
shaft of the humerus in which the upper pm assembly is 
applied to the lateral aspect of the arm and the lower pin 
assembly applied to the posterior aspect of the arm This 
arrangement permits the connecting bar to be applied paral 
Icl to the shaft of the humerus rather than obliquely as 
would otherwise be necessary 
There were three acute fractures of the shaft of the 
humerus one badly comminuted extending throughout the 
entire mid portion and upper third with extensive swelling 
and hematoma one severely compounded in the mid shaft 
with severe traumatic gangrene of the triceps muscle and 
associated compound comminuted fracture of the elbow joint 
and shaft of the ulna and one acute transv erse fracture of the 
mid shaft 

Case Mil (Fi" 485) -L B a twentv f urvcarold male 
had a trans erse fracture of the mid shaft of the humerus A 
modified type of the Stade splint v as applied on July 5 1942 

Case \1V (Fig 486) -D O a fiftv two year old male as 
seen ith malun on of the mid shaft of the humerus of six 
m nths duration Six months of plaster immobilizat n had 
caused stiffnc s of all the joints fr m the tips of the fingers to 
the shoulder The Stadcr reduction splint as applied in 
February 4 1942 the ebumated ends of the fragments were 
freshen d and the fracture reduced and firmly impacted under 
direct VIS on F nn b ny «n on res Itcd and il e splint was re 
mov ed at the end of tl rce months 

FRACTURES OF THE SHAFTS OF THE RADIUS AND 
ULNA 

The reduction and the maintenance of fixation of fractures 
of both bones of the forearm are readily accomplished by this 
splint e have applied it to the following cases 

Case W (F g 487)— S "N a th rty y car-old male presented 
3 transv rsc f ctiirc of tJ c shaft of the radius at the lunct on of 
the m ddle an 1 lo cr thirds th tvpical anterior displacement 
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of the distal fr gment and distal rado ulnar joint displacement 
The Stader spl nt as applied on March 1 194’’ folio ved by 
free active use of the ewenutv froti the first postoperative daj 
He vv as able to carrv a 40 fwund su tease on the first post 
operati e day without pain TTic spl t as removed on \la> 29 
1942 Firm bony union had resulted ith n stiffness of the 
joints atrophy of the muscles or weakness of the arm 

Case \\I (Fig 488)— C \I a twenty five year-old m le 
suffered a fracture of the radi s and ulna in the mid shafts 
Splints w ere applied to the r dni and ulna on April 14 1942 
Free active use of the arm was p ssible from the first postop 
erative day Pronation and supinat n v ere unrestreted The 
radius splint as emoved on May 2’ 194’ and the ulna splint 
on June 28 194’ F rm bony union had resulted and the patent 

V s returned to f 11 aca e d ty n July H 1942 

M I ted F t f fh R d d Ul 

The Stader sphnt offers rhe same adv anrages tn operations 
on the rad us and ulna as it does m operations on the low er 
leg namely rigid control of both fragments during and after 
the operation elimination of mzema) Bxanon and securing of 
the graft t hen used and free mobility of the adjacent joints 
There were three unusual representative cases so treated 

Case Wll (Fi® 489)— W M a forty s year-old male 
p ented malun n of a fracture of the upper third of the r ght 
ulna and anterior dislocati n of th be d of th r d s A Stad r 
spl nt was appi ed on June 2 194’ the head of the rad s \ is 
removed the ulna o teot mized t the fracture site and the fr 
ture reduced und r direct is on bv tn ns of th spl nt. 

Case Will (Fig 490)— A S a forty seven year-old m te 

V as ce 1 V th p udo-arthrosis of th pper th rd f the 1 ft 
ulna of fift cn year dur ton A Stader splint as pplied n 
June JO 194 the head of ch dus rem ed a d b mated 
bon e cised A 2 nch osteoper o teal g ft s insert d The 
deform ty as corrected by means of th spl nt djustme c 

Case VIX (Fig 491) -C S forty cn y r old m 1 pr 
sented mark d deformity and malunion of a fr cture of the left 
wrist Tv pre us operative an mpts at c ton h d bee 
mad A modified Sf der ^lint as ppbed J 1> 7 1942 and 
the distal end of th ul exet ed d sed as b ne edg 
the osteot m ed di t 1 d of the rad s 



I e 491 (Ca \I\ C S)-M I d d f nnty d m 1 n f 1 f 
n uf I p M d ft d S d p) ppL d B 

I p r» \ film CP p rati y w 

\ote Tic ni dified splint used in thi case is appi cable to 
ni 1 nutcd C lies fr cturcs requir ng tran fi. tion 
FRACTURES OF THE CLAVICLE 
W e present this case of conunmuted fracture of the clav 
ick treated with the Stider splint onl> to show rhe splints 
adaptabiliti \t present \ c are not recommending its routine 
cmploMiicnt in cluicubr fractures This small splint is suf 
ficienth riLid to maintain reduction of a clavicle fracture 




Fg 491 (C M\ C S)-M I d d f mit> d mal f I f 

t f 1 P .(4 M d fi d S d pi t ppl d B 

P p r ) film C P p y w 

Not The niodihed sp) m used m this case is applicable to 
c mm nuted Colies f actures rcqui mg transfixation 
FRACTURES OF THE CLAVICLE 
^\ c present tins case of comminuted fracture of the clav 
icic treated with the Stader splint on!> to show the splints 
adaptabiht) At present x c are not recommending its routine 
emplo) luent m cla\ icular fractures This small splint is suf 
ficienil> ngid to maintain reduction of a clavicle fracture 
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Case \\ (Fig 49’) — D M a twenty one year old male 
suffered a comminuted fracture of the left clavicle The Stadef 
splint was applied June 28 194’ free mobility of the entire 
extremity was obtained x ithont discomfort 

FRACTURES OF THE MANDIBLE 
Fractures of the mandible with edentulous proximal frag 
ments present a special problem not only because it is so 
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difficult to immobilize them bj the usual methods of internal 
fixation but because the> are so often compounded and asso 
ciated mth osteom^eLtlS In manj cases the fracture tine 
extends through a remaining motar tooth which upon cxtrac 
non causes the proximal fragment to become displaced up 
\ ard forward and outward Comerse and akmtz re 
centl\ ha e described a method of external fixation similar to 


Fe 494 (Case WI J H ) -Fi»ctur f r 

pro mal fniini an«l os m li /f St d 
P pcra ra^ film C P si pen taj 


the t\ pc \ hich w c hai e been using Six fractures f the man 
dible hate be n treated three ere fractures of the angle 
\ uh edentulous proximal fragments m one of » h ch t 
mx chtis as a con plication The e x ere t cases of it ul 
tiple fractures of the nundble requir ng niuhple units and 
one instance of a fracture of the sxniphxsis mcnti 
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Case X\I (Fig 494) — J H a fifty one year old male pre 
sented a fracture of the mandible with edentulous proximal frag 
ment and osteomyelitis Extensive oral sepsis was present an 
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most of the remaining teeth ere loose The Stadcr splint % as 
appi cd on March 20 194 and rcmosed on Ma> 29 194 Dur 
mg this interval th patient had complete function of the man 
dible and s\as ble to partake of sol d foods The osteomseliti 
ran the usual course s ith seq estrat on and intern 1 drainage 
\\ hich subs d d bef re remo 1 of the splint 

Case X\1I {Fig 495)— T J at\\ent> vearoldmale suffered 
a fracture of the sytnphsss and angle of the mandible This re 
quired the application of a multiple unit splint The splint a 
applied on April Id 194 and rcmosed on \lav 30 1942 The 
residual malocclus on as corrected bs subsequent rubber band 
splintage 


SUMMARY AND CONCLUSIONS 

I To date the Stadcr reduction sphnt has been emplos cd 
bj us tn fom cases including ttsche fractures of the tibia 
three of the os calcis tss o of the femur fi\ c of the humerus, 
seten of the radius and ulna one of the claMcIe sly of the 
mandible and caso cases of transfixation of the hip )omc one 
of the knee joint and one of the Atnst joint The results ob 
tamed uere far more saosfactor) than by any other method 
prcMOusl) empIo)ed 

The application and adaptabilit) of this splmt to the 
treatment of A anous fractures bone grafts bone lengthening 
and joint rninsfi\aaon is not excelled or equaled b> an\ other 
method 

3 The outstanding advantages of this splint arc its struc 
rural strength and comparati e light Avcight and its mechan 
ical design which permits complete control of bone frag 
ments in all planes as x ell as traction impaction and fixation 

4 The method embodies the basic requirements of accu 
rate reducuon ngid un ntemipted immobil zation immediate 
actiAC motion and carh restoration of function in a single 
compact umt d mmating the use of separate reduction 
frames, plaster or aa eights and pulle}s 

5 TTic aboA e ad antages render the splint the most ideal 
for use aboard sh p m field hospitals and for the treatment 
of a large number of fracture casualties m the shortest pen d 
of tune 
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6 The postoperatne care is reduced to a minimum joints 
are free for active motion and the danger of muscle atroph) 
IS eliminated 1 he unrestricted arculation and the activ e mo 
non made possible b\ the splint favor earlier union 

7 The insulation of the pins to prevent electrolysis about 
them thercb> reducing pm seepage to a minimum is under 
study The findings thus far arc verv encouraging but not > et 
entirely conclusive 

8 The Stadcr splint should be of considerable v aluc to gen 
eral practitioners who treat the majority of fractures 
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THE RESULTS OF SULFONAMIDE PROPHYLAXIS IN 
THE SURGERY OF THE LARGE BOWEL 

( S RAVDIN MD FACSt 
J S LOCKWOOD MD DS (M d){ 

J E RHOADS MO DS (M d )| 

The \i1uc of sulfonamide:, m the prevention of infection 
resulting from surgical operations on the large bowel has be 
come increasingly well established as evpcnence has accumu 
latcd Before the advent of sulfonamides in no group of un 
infected patients had fatal peritonitis been so frequent as in 
patients undergoing resections of the large bowel * 
Pven following the less radical procedures on the colon such 
as colostomy serious intrapcritoneal infection developed in a 
considerable percentage of patients 
C arlock and Scclev first reported the prophylactic use of 
sulfanilamide for resections of the large bow el Their expen 
cnce was distinctlv favorable In 1940 Lockwood and Ra\ 
dm reported a senes of twenty two operations on the large 
bowel and attributed the absence of peritonitis m this series 
to the prophv lactic use of sulfanilamide Since that time other 
sulfonamides have been given a trial Tlic drugs now avail 
able may be divided im two groups (J) those which like 
sulfanilamide exert a general influence throughout all bodv 
tissues in fa oring the resistance c f the host by interfering 

t s g 1 Sc n H p 1 f h U my f p M 
d h H M> D p nm f S g I R h Sch 1 f M d 
U n V f P I 

t II Prof o ISrgry dDct fihH mso D p ft 

m ( S rgical R h Sch IfMd U ntyfp tM>l ^ 

N u L t Col ! M d 1 Corp U d S es Arms ) 

t\ P lcsM> ! S g> 1 Rest h d Assoc S 

School f \l d Uiu r* tv f P svl A g D 
n nso D p rtn f S rp 1 Rest h Uiu nty f P ns>! 

I A sec p S 5 O »* *> ipcal Rest rch School f \l d U 

l$Bt 



1586 I S RA\-DIV J S LOCKWOOD J E RttOADS 

With the nucnrJon of imasnc bictccia and (’) those whose 
acuon IS lai^el) confined to the gastro-mtestinal tract and 
w hnsc use is intended to low er the bactcrnl count of the feces 

S If n m d s Exerf g S eral Effect thro gho t 0 dy T$s e 
In the first group are sulfanilamide »ulfap>ndine sulfa 
thiazole and sulfadiazine Among these n/Ifadtune appears to 
ha\e the broadest range of actiwtj when administered sjs 
temicall} Ho\ve\er recent c\pcnments indicate that it as 
well as the other deruames are infenor to tiilfamlarinje for 
mtrapentoneal use From the standpoint of tovicitj it would 
seem that sulfanilamide produces a relatn eh high morbidit\ 
but a low mornlit} Sulfadiazine creates less mental depres 
Sion in our experience and results in a low er morbidity Hoi 
c\er itstendenc) to precipitate in the unnarv tract occasion 
alls leads to ^ erj senous degrees of oli^una 

Slf md AfgW ly Gif nff ITct 
The drugs of the second group have failed to achieve the 
objective originallv sec up namel} stenlizacon of the large 
bowel but are neverthclc $ gaming a position of usefulness 
Animal evpenments onginalh led investigators to hope that 
ST/Ifagr/widirre would actually stcnlize rhe feces in man 
How cv er this did not occur In their original report Firor 
and Poth obtained a count of colifomi bacteria as low as 
10000 per cubic centimeter of feces In this clinic we have 
never obtained levels lower than this Furthermore sulfa 
guamdine is absirbed to some extent into the blood stream 
and although it seldom attains a high blood lev el to\ic re 
actions have been relativelv frequent These m3> consist in 
drug fev er and also m slm rashes 
A newer compound nictinyl tulfatf is now the sub 
jcct of cbnical inv estigation It appears to hav e definite 

adv anrages ov er sulfaguani line and quite consisrentl) bnngs 
about a marked reduction in the numbers of cohfomi and 
anaerobic bacilli How c er it d cs not srenlizc the fcccs and 
therefore while it m3> bee me a useful adjunct n ce tain 
tv pcs of cases, its low antil actenal action in pentoneal fl id 
ippeirs to indicate the concomitant use of another i Ifon 
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amide to check the growth of bacteria which gam access to 
the free pentoneal cavit> Succm>l sulfathmole therapy alters 
the consistenc) of the stools encourages enipt>ing of the 
bowel unless obstruction is severe and according to Poth 
ma> be cmplo>ed as a substitute for other methods of pre 
operative bowel preparation This may prove to be the most 
significant feature in the aaion of succinyl sulfathiazole 

The D ug f Cho ce 

Lxpcricnce to date so strongly supports the effectiveness 
of mlfanilaftfide itself m giving the necessary protection 
against spreading infection of the contaminated peritoneum 
that It has remained the drug of choice on our Serv icc among 
agents whose use is intended to increase the effectiveness of 
peritoneal defense Since sulfanilamide has yielded such sans 
factors results m our hands vve have hesitated to institute the 
regular use of a newer drug such as sulfadiazine which is un 
qucstionabU effectiv c but capable of producing kidney injury 
in patients who arc critically ill Further CTpencncc may serve 
to justify an increase in the use of su’fadiazine For local use 
sulfanilamide combines the \irtucs of high solubility and mm 
imal tissue injury \\ c therefore favor using sulfanilamide 
whenever a locally applied drug is desirable not only in the 
pentoneal cav itv but m other contaminated w ounds is w ell 

DOSAGE AND ADMINISTRATION 

Sulfanilamide may be given either by mouth hypoder 
micallv or by slow intravenous infusion It may also be ap 
plied U cally at the operative site before the abdomen is dosed 
Since January 1 1940 the average prcopcratiye dose of sul 
fanilanwde for patients undergoing resections of the large 
bowel was 3 1' gm (or S 5 gm of sulfadiazine) the average 
amount of sulfanilamide used for locil application at the time 
of operation was 6 8 gm the average amount given subcuta 
ncously after operation was 12 5 gm and the average total 
imount of sulf namidc given postoperanv ely was 16 gm 
This last average excludes the use of sulfonamide drugs late 
in the postopcrati c period when they were sometimes used m 
ThroeVin rt « I (M j Q ) 
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the treatment of unnarj tract or respirator) tract complica 
tions In calculating these ascrages we ha\e excluded those 
patients x\ ho receu ed no sulfonami le 
The present technic in use on the scnicc of the senior 
author at the Hospital of the University of Pennsylvania 
is to administer 3 to 4 gm orallv during the twent) four 
hours pnor to operation Four to 6 gm are then implanted 
locall) and the administration of the drug resumed twelve 
to twenty four hours postoperativ el> in a dosage of 1 gm 
ever) sk hours This is usuall) given h)podermicall) at 
first but ma) be given orally if the patient is receiving 
fluids b) mouth If the patient is making satisfactorv prog 
rcss at the end of the third postoperative da) the drug is 
usual!) stopped Sometimes the dosage is reduced earlier than 
this if c) anosis or mental depression js marked If any of the 
more serious signs of toTicit) appear such as jaundice the 
drug IS stopped at once 

TYPES OF OPERATIONS WITH RESULTS OF 
SULFONAMIDE PROPHYLAXIS 

During the period between 1938 and 194 lift) nine pro 
cedurcs were carried out on the large bo\ el m which the 
pentoneal civit) was opened and either a resection or an 
anastomosis performed The operative mortaiit) computed 
on the basis that all deiths in the hospital within thirtv da)S 
of operation are operative deatlis was 3 4 per cent (two 
deaths) The inci lence of generalized peritonitis was zero In 
this group of opcritiv c procedures rcsccti ns w ere carried out 
fort) SIX times w ith a mortaiit) f per cent (one death) 

The tabulation gives □ ni re let led analv sis of this senes 
It IS notew rthv that no attempt as nide t( do anas 
rimosis bv an aseptic tcchnic Fven effort vasnade how 
ever to av id gross contamination f the peritoneal ca itv 
Ff r Icsi ns of the right half of the col n ile irran v erse col 
tonn vas done v ich ciamj For lesion distal to this area the 
Rankin tbstructi n resect n v as itili/cd except hen the 
position of the growth m-ide this procedure impracncal For 
lesions too lo V m the sigmod for this procedure 
tmctl) above the pelvic fl >r the u ual phn ^s to dviuc 
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the bowel distal to the lesion turn in the end of the distal 
segment and draw the proximal segment far enough out of 
the abdomen so that the tumor could be widelj resected 
Pnmar> anastomosis of the colon was not practiced Lesions 
m the rectosigmoid area were remoted b> combined abdom 
inopenneal rescaion In a few of the« cases prehmmaty dt 
compression operations were performed but the abdominal 
and penneal portions of the resection were always carried 
out at one stage It was the usual practice to repair the pelvic 
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peritoneum with two separate and complete layers of sutures 
since during the carU phases of healing this membrane alone 
protects the pcntoncal ca\it\ from the perineal wound 
In spite of the absence of peritonitis m this scnes it has not 
been Our cxpencncc that sulfonamide prophylxxis eliminates 
w ound complications W hile it is the impression of the au 
thors that wound infection has been less frequent and less 
\iriilcnt thin was formcrls the case this complication still 
occurs 
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SUMMARY And conclusions 
In a senes of fifty nine operanons on the colon in hich 
the free peritoneal cavity w as opened sulfanilamide m as used 
in fifty four The mortality was per cent There \\erc no 
deaths due to pentonitis 

The dosage selected on the basis of this evpcncnce for the 
average large boA\el resection is 4 gm dunng the twenty 
four hours before operation 4 to 6 gm intrapentoneally and 
10 to I'’ gm m three days starting the day after operation 
This dosage may be increased if the risk of peritonitis has 
been augmenred by spilling large bow cl contents in rhe per 
itoneum and it must be decreased if any of the tosic effects 
of sulfanilamide appear other than the customar\ c> anosis 
The appearance of icterus during the administration of sul 
fonamides is regarded as suffiaent reason to stop the drug 
Although pentonios formerh was the complication of 
large bow cl surger\ most to be feared it has become an in 
frequent occurrence m this clinic since the introduction of 
the prophy lacnc use of sulfanilamide 
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CHEMOTHERAPY OF POSTOPERATIVE COM 
PLICATIONS 

HARRISON F FLIPPIN MD FACPt 

The nverage surgical patient will usually pass through an 
uneventful convalescence if proper measures are employed 
before and after operation Despite th«e precautionary meas 
ures however unavoidable postoperative complications do 
occur and require prompt and specific attention The intro 
duCTion of sulfanilamide and ns related compounds into the 
field of chemothcrapv has provided the surgeon with an 
efficient w eapon w Inch if propcrl) employed will m many 
instances reduce postoperative morbidity and motiahty Since 
the fundamental concern of this clinic is with the use of the 
sulfonamides in the treatment of ceaam postoperative com 
plications namely septveemn pulmonary and unwary tract 
infections the matter of other forms of therapy can receive 
no more than passing mention h ij to be remenibeTed ho ^ 
ever thit rc^ardlett of the proved xahte of iw/fonamide thcr 
dpy it IS not to be entphyed to the exclusion or neglect of 
other established therapeutic measures Only those drugs 
w hich liav c been accepted as being effective m the control of 
the above postoj erative disturbances will be considered m this 
discussu n 

oeheral principv.es of suepohamide therapy 
To obtain mavimum success with the sulfonamides m the 
control of the e postt pcrative infections it is necessary to 
have an understanding of cemm pnnciples inherent m this 
t\pe of chemotherapy Since ni two cases are identical in all 
their detail the follow mg di cussion of some of the impor 

r m h J h 1 d Iph Gm r»l Hasp 1 d h School f \I d 
l. rs fPnsl Fhld Ijih P 

f A Vt J Schra I f \I d U R 

Ph Phil Iph r ral no<ip 1 
IS9I 


ty { Pen 



1594 


114RRIS0V F FUPP]\ 


rant problems concerned with their rational use ma> be ap 
plied to the sc\ era! t\ pes of infections under consideration 
Mo ie of Action —Some appreciation of the mode of action 
of these compounds is more than a matter of academic inter 
est as It b important to understand the factors which make 
for success or failure in the treatment of different tj pes of 
lesions Although the precise mechanism through which the 
sulfonamides c\ert their action IS not completel) defined we 
do hai e as a result of hboratoc} studies and clinical trial t ich 
these drugs some understanding as to the nature of the phe 
nomenon Reduced to simple terms the most plausible ct 
pbnation of their action is as follows Bacteria must ha\e 
proper nutriment in order to mulcipl> and apparenth at some 
stage of bactenal reproduction a nutntw e factor similar m 
basic chemical structure to the sulfonamides is required This 
nutntne factor his been shown*' to be jara aminobenzoic 
acid ilthough other substances nu\ well pla> similar roles 
Therefore should the bacteria be unable to distinguish be 
cw een para aminobenzoic acid « hich is essential ind the sul 
foiiamides which have no nutritive value thev cease to mul 
tipiv and finally meet destruction 
Thus It appears that the sulfonamides possess a bacteno 
static effect which does not direcih destroj the baetepal 
cells but w hich leads indircctlj to the destruction of the or 
ganism b> v irtue of their antagonistic action through inter 
ference w ith bacterni prohfcrauon Hence the effcctiv eness 
of the sulfonamides against bacrena depends to i large extent 
on the ratio of the number of molecules of sulfonamide on 
the one hand and the bjctenA suppl} of nurnenr substance 
on the other It is not surpnsing therefore tint the antibac 
renal effect of these druirs is less m lesions containing large 
imounts of food for bacteria as is the case when nccronc 
ossuc or pus formation is present In such instances the sul 
fonamides arc not to be empIo>ed as subsumtes for surgical 
procedures but mav be used m hopes of prev entmg a spread 
of the infection The earh d agnosis of pus containing lesions 
IS of great importance not onJ> as an aid m treatment but 
also the incidence of severe drug reactions i greater m pa 
tients receiving chcmothci3p> over long p nods of time 



CHEMOTHERAPY OF POSTOPERATIVE COMPIICATIOVS 1595 

pharmacology 

The intelligent use of these drugs demands some under 
standing of the factors concerned with their absorption b> 
distribution in and excretion from the body 

—Sulfanilamide sulfapyridme sulfathiazole and 
sulfadiazine are spanngK soluble in water yet ate well ab 
sorbed and attain greater solubility in body fluids The drug 
concentration reached in the blood is dependent both on the 
rate of entry into and the rate of exit from the blood stream 
Obviously when they ire administered pirentcrally high 
blood levels arc obtained more rapidly than when the drugs 
are given by mouth In general absorption of these drugs is 
chiefly from the upper part of the small intestine with little 
if any taken up from the stomach W c may assume for prac 
tical purposes that they are all nearly completely absorbed 
from the intcstiml tract into tbe blood stream witbin two to 
four hours after the mgcstion of moderate (3 gm ) doses 
After the fourth to sixth hour the amount of drug in the 
blood begins to dimmish and if the blood concentration of 
the drug is to lie maintained or increased it is neccssirv to 
administer additional drug m smaller amounts every four to 
SIX hours until the total dosage has been, giv cn Since \ acv mg 
blood levels of these drugs result in diminished therapeutic 
effectiveness it IS important to adhere to this schedule (f 
dosage The same principles of dosage apply when the drugs 
arc employed pircmcriUv although the time mtervil vanes 
IS to the route of administration and the drug selected 
Distrtl iition m the Holy —Following their absorption into 
the bloo I stream the sulfc namides arc partullv conjugated 
l\ the liver inu the para acetyl derivatives which ire less 
soluble less active ind tend to lie m re toxic thm the pircnr 
c mpounds Approximitclv 0 per cent of snlfinilimidc 30 
I cr cent f sulfathnr Ic and IS per cent of sulfadnzinc ap 
yevrs iiv the circviUtmg 1 1 d as -icctv late 1 c mp und lie 
cause of the irregular conjugation of sulfajyndmc-lO to 90 
per cent -It IS impossible to predict the anu unt of acetv Isulfi 
pvndinc pre cut alth ugh the average is il mt JO per cent 
of the tital drug Tlwis the usefulness of sulfapvndine has 



1596 


tr^RRISON F FLIPPIV 


been limited because of its irregular and at times high degree 
of acetj lation 

The sulfonamides diffuse readily into the \arious bod\ tis 
sues and fluids after the\ pass into the blood stream The 
tissue concentration howetcr vanes in rclition to their \ as 
culant) so that diffusion into areas of chronic infection bone 
and necrotic tissue may be deficient The drugs are present m 
exudates and transudates in concentrations equal to or higher 
than those found m the blood \\ iih the exception of sulfa 
thiazole they pass readih into the cerebrospinal fluid in cm 
centrations averaging 50 to 65 per cent of that present in the 
circulating blood Becau c of the relativclv low concentrati n 
of sulfathiizole attained in the cerebrospinal fluids-about 20 
per cent of the blood IcvcI-its use in inerungeal infections ha 
been limited The fow a nccntration of sulfathuzolc in the 
spinal fluid is not nccessmly of great consequence because 
It IS the existence of aiuibactcrul concentrations of drug m 
submemngeal tissues curtailing bacterial im asion which prob 
ablv JimiM the spread of the process as much as the drug m 
the spinal fluid itself It is nevertheless desirable to have a 
bacteriostatic concentration of drug in the spinal fluid and 
for this reason sulfathuzolc is not recommended for the 
treatment of meningeal infections although good results have 
been obtained w ith its use m certain ty pcs of meningitis 
Excretion —The sulfonamides both the free and acetyl 
ated forms regardless of the route of administration arc ex 
creted mostly m the urine and v nth tl c excepnon of sulfa 
diazine excretion of a single dose is almost complete w ithm 
t\ enty four hours Onlv smnll quantities are found in the 
tears Ircastnilk sweat saliva or stools The excretion of 
these drugs bv the kidncvs is reduced in the presence of renal 
damage and w ith a dccrea c in kidnev function an incrca c 
in drug concentration in the blood occurs especially of the 
acetv 1 fraction Ho \ ever the clearance of these con pounds 
IS definitely increased bv an increased flo\ of urine and 
should the v olume of unne become lo v the possibility of 
stone formation in the unnarv tract by precipitarion of cn s 
tals of the acetyl compounds except acety Isulfanilamidc i 
greatly increased I lencc it is extremely important in order 
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to facilitate the excretion of the acctyl denvati% es b> the kid 
ne>s to maintain a urinary output of at least 1200 cc daiK 
This IS best obtained by forcing fluids by mouth or if nec 
essary parenterally Because of the relatnely high solubility 
of aceulsulfanilamide and its rapid excretion from the body 
ue do not encounter kidney complications uith sulfanil 
amide and the matter of urmary output is of less importance 

TOXICOLOGY 

As is the case uith many other chemotherapeutic agents 
the sulfonamides give rise to a variety of toxic manifestations 
and in order to emplov these drugs intelligently one must be 
familiar with the potential dangers associated with their use 
Fortunately most of these toxic effects arc not senous and 
if the patients are closely followed the more severe re 
actions may be minimized Furthermore the incidence of 
severe toxicity is increased with their prolonged admmistra 
tion but since these compounds exert their maximum ther 
apeutic effect within a comparatively short penod of time 
the necessity of continuing chemotherapy for longer than ten 
day s IS most unusual except in certain ty pes of infections 
In order to recognize and control these toxic reactions the 
employment of certain clinical and laboratory procedures is 
essential Skui rashes may occur at any time after the begin 
ning of treatment espcciallv after the fifth da\ In such cases 
It IS best to stop chemotherapy particularly if exfoliative der 
mantis is present although the drug mav be continued with 
caution if necessarv Dn/g feter is most commonK seen five 
t ten dus after treatment his I een stirred but may occur 
at an\ time Not infrcqucntK it is difficult to determine 
whether the temperature nsc represents a drug reaction or a 
recrudescence of the infection I xcept m complicated cases 
the fever f the original infection is usually normal b\ the 
third dav of treatment and if the patient is clinically im 
} roved one should u pcct a econdarv nse in temperature 
as hcing liic to the dnig Drag fever is often followed bv 
Icnintiti hem Ivticancma or neutropenia and if it occurs 
trenuem sh iiU I c stopped unless the nsl. to the patient 
f mtinued infection seems greater than the nsk of a sev cre 
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been limited because of its irregular and at times high degree 
of acetjlation 

Tlie sulfonamides diffuse readil) into the \ arious bodj tis 
sues and fluids after thc> pass into the blood stream The 
tissue concentration ho\\c\er \anes in relation to their \as 
culanrj so that diffusion into areas of chronic infection bone 
and necrotic tissue may be deficient The drugs are present m 
evudates and transud nes in concentrations equal to or higher 
than those found in the blood W jth rhe eveeptjon of sulfa 
thiazole the> pass rcadiK into the cerebrospinal fluid in con 
centrations averaging 50 to 65 per cent of that present in the 
circulating blood Because of the rclim el\ low concentration 
of sulfathiazole attained m the cerebrospinal fluids— about 20 
per cent of the blood l«cl-its use in meningeal infections hu 
been limited The low concentration of sulfathiazole in the 
spinal fluid is not necessarily of great consequence because 
It IS the existence i f antibacterial concentrations of drug m 
submeningcat tissues curtailing bacterial invasion which prob 
abl> limits the spread of the process as much as the drug in 
the spinal fluid itself It is nevertheless desirable to have a 
bacteriostatic concentration of drug m the spinal fluid and 
for this reason sulfathiazole is not recommended for the 
treatment of meningeal infections although good results hav c 
been obtained ith its use m certain r>pes of meningitis 
Excretion —Thz sulfonanudes both the free and acet>l 
ared forms regardless of rhe route of administration are cv 
creted mostly in the urine and w ith the exception of sulfa 
diazinc excretion t f a single dose is almost complete ithin 
tv emy four hours Onlv small quantmes arc found in the 
tears breast mill sw cat saliva or stools The excretion of 
these drugs bv the kidneys is reduced m the presence of renal 
damage and v th a decrease m kidncv function an incrca c 
m dnig concentration in the bl< id occurs especially of the 
acetvl fraction However the clearance of these compounds 
IS definitely increased bv an increased flo v of urine and 
should the V olumc of ur nc become Jo v the possibility of 
stone formation in the unnarv tract bv precipitation of cry s 
tals of the acetv 1 c nip unds except acetv Isulfanilamidc i 
greatly increased I Icnce it s extremely important in order 
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to facilitate the excretion of the acetyl denvati\ es b> the kid 
nc>s to maimam a urmar\ output of at least POO cc dail> 
This IS best obtained by forcing fluids by mouth or if nec 
essary parenterally Because of the relatnely high solubility 
of acet\ Isulfanilamide and its rapid excretion from the bodv 
we do not encounter kidney complications uith sulfanil 
amide and the matter of onmry output is of less importance 

TOXICOLOGY 

As IS the case t\ith many other chemotherapeutic agents 
the sulfonamides gue rise to a \anety of toxic manifestations 
and in order to employ these drugs intelligently one must be 
familiar xvith the potential dangers associated with their use 
Fortunately most of these toxic effects are not senous and 
if the patients are closely followed the more severe re 
actions may be minimized Furthermore the incidence of 
severe toxicity is mcceased with their prolonged administra 
tion but since these compounds exert their maximum ther 
apeutic effect wixhm a comparauvtly short penod of tune 
the necessity of continuing chemotherapy for longer than ten 
davs IS most unusual except in certain ty pes of infections 
In order to recognize and control these toxic reactions the 
employment of certain chmeal and laboratory procedures is 
essential Skin rushes may occur at any time after the begin 
ning of treatment especially after the fifth day In such cases 
It is best to stop chemotherapy particulariy if cxfohatn c dcr 
matitis IS present although the drug may be continued \\ uh 
caution if ncccssarv Dn/g fexcr is most commonly seen five 
t ten dav s after trcamicnt has been started but may occur 
at any time Not infrcqucntK it is difficult to detcniiinc 
whether the tempenture nsc represents n drug reaction or a 
recrudescence of the infection I xcept m complicated cases 
the fe\ cr of the onginil infection is usually normal h\ the 
third dn of treatment and if the patient is clinically im 
j roved me should uspect a sccondarv nsc m temperature 
IS being due to the Ing Drug fever is often followed bv 
dcnnatili hemoK nc anemn or neutropenia and if it occurs 
treatment houl 1 I c stopped unless the nsk to the patient 
)f emttnue 1 infection seems greater than the nsk of a severe 
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been limited because of its irregular and at times higli degree 
o[ aceti Jarion 

Tlic sulfonamides diffuse readil} into the \anous bid} tis 
sues and fluids after the) pass inro the blood stream The 
tissue concentration houmer vanes in relation fo their las 
culant) so that diffusion into areas ( f chronic infection bone 
and necrotic tissue nnj be deflcienc The drugs are present in 
evudates and transudates in concentrations equal to or higher 
than those found in the blood With the cicception of sulfa 
thiazole the) pass readilv inro the cerebrospinal fluid in con 
centrations a\ craging SO to 65 per cent of that present in the 
circulaang blood Because of the relativelv low concentration 
of sulfathnzole attained in the cerebrospinal fluids-about 20 
per cent of the blood Icvel-its use in meningeal infections has 
been Junited The low concenrration of suJfjthiazole in rhe 
spinal fluid is not necessanlv of great consequence because 
It IS the existence of antibacterial concentrations of dru*’ in 
submcningcal tissues curtailing bacterial invasion whichprob 
ibl) limits the spread of the process as much as the drug in 
the spinal fluid itself It is nevertheless desirable to have a 
bacteriostatic concentration of drug in the spinal fluid and 
for this reason suffathnzole n. nor recommended for the 
treatment of meningeal infections although good results hav e 
been obtained « ith its use in certa n i> pcs of meningitis 
Esrretipjj — The sul/onamidcs both the free and acet)l 
ated forms regardless of the route of administration are c\ 
creted mostly in the unne and nth the exception of sulfa 
d azine excretion of a single dose is almost complete v ithm 
t\\ ent} four 1 ours Onl> small quantities are found in the 
tears 1 rcast milk sweat, sal a or stool The excretion of 
these drugs bv the kidnevs is reduced in the prese ice of renal 
damage and irh a decrease m kidnev [unction an increase 
m drug concentration in the bhod occurs especially of tlie 
acetvl fraction However the clearance of these compound 
IS deiinitel) increased bx an increased flo v of urine and 
should the volume of unne become low the possibility of 
stone formation m the unnirv tract b\ prccip tation f crys 
tals of the acen 1 c mp unds except acety Isulfaiul mide i 
greatly increased Hence it is extremely imporranf m order 
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to facilitate the excretion of the acetyl derivames by the kid 
neys to maintain a Urinary output of at least 1200 cc daily 
This IS best obtained by forang fluids by mouth or if nec 
essary parenterally Because of the relaiiv cly high solubility 
of acety Isulfanilamide and its rapid excretion from the body 
we do not encounter kidney complications with sulfanil 
imide and the matter of unniry output is of less importance 


TOXICOLOGY 

As is the case with many other chemotherapeutic agents 
the sulfonamides gi\e rise to a variety of toxic manifestations 
and in order to employ these drugs intelhgentlv one must be 
familiar with the potential dangers associated with their use 
Fortunateh most of these toxic effects are not senous and 
if the patients are closely followed the more severe re 
actions may be minimized Furthermore the incidence of 
severe toxicity is increased with their prolonged admimstra 
non but since these compounds exert their maximum ther 
apeunc effect wuhin a comparatively short penod of time 
the necessity of continuing chemotherapy for longer than ten 
day s is most unusual except in cenatn t> pes of infections 
In order to recognize and control these toxic reactions the 
emplovment of certain clinical and laboratory procedures is 
essential SLm rashes may occur at any time after the begin 
ning of treatment especially after the fifth dav In such cases 
It is est to stop chemotherapv particularly if exfoliative der 
iiiatitis IS present although the drug may be continued with 
caution if necessary Dnig fner is most commonly seen five 
en iy s after treatment has been started but may occur 
"u' infrcqucmK it is difficult to determine 
^ temperature rise represents a drug reaction or a 
the infection Except m complicated cases 

lord 1 °V " ■"f'cnon B nsuall) notiml bv the 

L i e, no 1 ’"“n TP'"' ^ m temperature 

treatment sb . or neutropenia and if it occurs 

f con 1 S "f' ""PP"' 'ho nsk to the patient 

ntmued infection seems greater than the nsk of a set ere 
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druff reacriojJ As a rule if the /ev er is citie ro the drag- ic « ill 
drop Mithin twenty four to foitv eight hours if the drug is 
discontinued and fluids forced 

uh the excepuon of sulfambmidc the to\ic reactions in 
\oIving the unnar> tract constitute the most important prob 
lem m this tjpe of chemothcrap\ The renal covipl attorn 
are due in part if not entirel> to the presence in the urinart 
tract of crystals composed of the drugs espcciaUj the acer>J 
portions How c\ er the presence of ert stilluna alone dr cs not 
indicate renal intoivcmcnr unless it is associated with pro 
gressive oliguna hemaruna azotemia or lorn pain Not in 
frequcmij microscopic hematuna accompanies infectious dis 
eases and unless a progressne number of red blood cells is 
detected or other evidence of renal damage is apparent 
cautious treatment ma> be continued but it should be re 
meinbered that hematuria is often a precursor of sev ere renal 
msufficiencN ObMousl> the ippearance of gross hematuna 
or anv of the above Kidnev complicanons is an indication 
for stopping the drug and at the stme time fli ids should he 
forced the unne alkalized and h}pertonic glucose solution 
idministered intrav enousi) to promote diuresis Occasional!) 
ureteral catheterization is indicated but should be emplov ed 
onl) after other measures have failed Since cr\ stalluna from 
these drugs appears to be less frequent in an alkaline unne 
It IS advisable to administer alkalis m equal amounts to all pa 
tients receiving the sulfonamides except in certain urinat> 
tract infccnons such as those due to the Streptococcus fae 
calls in w hich an acid unne affords better therapeutic results 
Ho'i.e er as vienttoned afoie the nnintcnwce of J urtniry 
output of at lerst POO cc daily comtttutes tie most impor 
tant ftetor m preienting the occurrence of ret ere renal coni 
plications 

Acute / eniolyuc anenni usuallv occurs during the fine four 
davs of treatment and requires cessation of chemothcrapv 
and transfusion of citrated blood Mild anemia of the hem 
oKtictvpeisfrequentU seen and the drug maj be continued 
but sliould the hemoglobin fall below 60 per cent transfu 
sons are indicated Depression of the ^hite blood cells ma\ 
occur at an\ time although there have been no cases of 
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agranulocytosis which developed within the first twelve days 
of treatment It is best therefore to check the blood constit 
uents every two to three days cspcciallj m cases requiring 
the drug for longer than ten days Nausea and voimtwg are 
the most frequent toxic reactions from these drugs and 
should the vomiting become severe it is advisable to check 
the serum chlondes 

CONTRAINDICATIONS TO SULFONAMIDE THERAPY 
Theoretically the only possible contraindication to the use 
of the drugs is a history of a previous sensitivity to sulfanil 
amide or one of its derivatives However m our experience 
there hav c been a number of instances in which patients have 
developed toxic reactions to one member of this group of 
drugs and not to another although this would not neces 
sanly indicate tliac the patient would not have experienced 
an untoward reaction to the original drug In such cases with 
histones of previous sulfonamide toxicity it has been our prac 
tice to administer chemotherapv at once and follow the pa 
ticntvery closely rather than withhold drug treatment The 
presence of anemia jaundice acute ncphntis leukopenia or 
neutropenia per sc docs not contraindicate sulfonamide ther 
apy as these conditions will uvuallv disappear as the infection 
IS brought under control by adequate chemotherapy Ob 
vioiislv if such condition arc present neccssarv measures 
should be taken to detect their further dev clopmcnr c 
know of no mcdicati n ir food which cannot be given to 
patients rccciv ing these drugs 

SELECTION OF DRUG 

I he pr j er clccti n v>f drug to be cmpl n ed in a giv cn 
etc depend lirgclv on three factors I irst from clinical trial 
with these drugs \ c have learned tint certain bacteria are 
nnre sen ttivc than others to the various members of this 
group of cimp und It is important therefore t know 
which uU namidc i hkelv to be most effective against the 
kind of bacteria inv >lvcd Second the dnig must Ic one 
V hich I c p Me f 1 cing mn ponetl to the region of infee 
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tion Third the drug selected should be the least toxic and 
at the same arne S3nsf> the first ttto cntena of effccovcness 
ft IS on the basis of these three factors that certa n rccom 
mendations are made (Tabulauon) but in view of the rapid 
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de elopmcnt of chemotherapeutic agents it is Iikelv that some 
of the recommendations regarding the selection of drugs \ ill 
Soon be subject to change Alread> repons hate appeared 
indicating that sulfadiazine has replaced sulfap\ndme and 
sulfathiazole in the treatment of man) diseases and there is a 
growing belief among ttorkers m this field that sulfadiazine 
\m 11 eventuall) supplant sulfanilamide 

AOMIMISTRATION AND DOSAGE 


E lyT tm t 

The best results «ith these drugs arc obtained ihen the) 
are administered earh in the infection \\ hile the number of 
bacteria is soil lim ted and the extent of tissue breakdo m is 
at a minimum Expcncnce has shox n that the length of time 
that elapses between the onset of an infection and the begin 
ning of sulfonam de rherap) represents the most important 
single controllable faaor in the prognosis of the disease A1 
though It is important to make a bacteriological d agnosis in 
each case it is usualh expedient to start cheraothcrap) on 
the basis of the clinical picture alone x ithout waiting for the 
laboraror) findings Tins does not mean hoxe er that the 
neccssat) bacteriological sni lies arc to be neglected as e\ erv 
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effort should be made to derenmne the causati\ e agent Not 
only IS this of importance for the proper selection of drug to 
he employed but also in those cas« where additional ther 
apeutic measures are necessary such as the use of specific 
pneumococcic serum this knowledge is indispensable 

Meih d$ of Adm if of on 

In general the oral administration of these drugs has proved 
to be the most satisfactory method m the treatment of acute 
infections However in certain instances in which a rapid 
elevation of the blood level of the drug is desired or where 
oral medication is impracticable or impossible as after cer 
tarn r>pes of operations it is often necessary to resort to 
pirenteral administration Sulfanilamide because of its rela 
tively high degree of solubility m water can be given sub 
cutaneously or intravenously as an 0 8 per cent solution in 
sterile physiological saline Best results with sulfanilamide par 
cnterally are obtained with the subcutaneous route In order 
to administer sulfapyndme sulfathiazole or sulfadiazine par 
cnterally it is ncccssan because of their physical properties 
to employ the sodium salts of these drugs For intravenous 
therapy with these compounds a 5 per cent solution of the 
sodium salt in sterile distilled water is employed Because of 
the slower excretion of sulfjdiarmc its use parcmerallv has 
given more satisfactory results than has sodium sulfapyridinc 
or sodium sulfathiazole 

Oosag 

Tlicorctically all patients treated with the sulfonamides 
should be followed by frequent estimation of the concemra 
non of the dmg m the blood However experience with these 
Itugs wwh the exception of sulfaml-umdc has failed to show 
anv consistent correlation between therapeutic effectiveness 
md the blood level of free drug Moreover certain factors 
such as kidncv function drag absorption and the state of dc 
hv dram n all tend to influence the amount of drug found in 
the blood rorthermore m mmv instances in v hich these 
{rugs arc used facilities for determining thcir concentration 
in Hood Mil Ic lacking Tlerefore it scetns reasonahle for 
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tion Third the drug selected should be the least toxic and 
It the same time sitisfx the first tuo criteria of cffccmcness 
It IS on the bisis of these three factors that certain recom 
men litions arc mule (Tabulation) but in \ic\\ of the rapid 


T\BlrL.XTIOX 


// / d to 
‘'trrp ococcu h m l)l 
St ptococ f efal 
I phjkxorcu 
C ocomi 
E*ch h U 

B ciU pro 
\ rob I rop n 

r all p •ocj-a 
St ptocorois d 
I'd m oceu 
\t ngoeoc 

li all tn n cap' I t 


II t 

D s JLkot 

S I fiftiLl miH S u rj 

ts thiuol S If d 

S If th uol Sul/ d ji 
S 1/ thiuol Suit <J u 

S If ih io\ S If d 4Z1 

s If th azol Sulf d u 

S if Iluu 1 S if di 

S If thi «>1 Sulf d 

S If du 


ile\ elopmcnt of chemotherapeutic agents it i Iikcls that some 
i f the recommendations regarding the selection of drugs xmH 
St on be subject to change Alread) reports have appeared 
indicating that sulfadiazine has replaced sulfapv ridme and 
sulfathiazole m the trearmenc of manv diseases and there is a 
growing belief among workers m this field that sulfadiazine 
will eventutll) supplant sulfamlimide 

ADMINISTRATION AND DOSAGE 


E !y T tm t 

The best results v ich these drugs arc obramed then the\ 
ire administered carlj in the infection while the number of 
bacteria i still I mited and the extent of tissue breakdown is 
at a minimum Experience has shown that the length of time 
that elapses betv cen the onset of an infection and the begin 
mng of sulfonan i Ic thcrapv represents the most important 
single controllable factor in the pitxmosis of the disease \1 
though It 1 important to make a bactcnological d agnosis in 
each case it is usuallv expedient to start chemotherap) on 
the basis of the clinical i icturc al me w ithout aiting for the 
l 3 boraror> findin»^ Tin docs n )t mem hov c\ cr that the 
necessan bacten logical sni 1 es arc t be neglected as c erv 
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fection by proper surgical procedures to prevent remfeaion 
of the blood stream 

2 Stenlt^tion of the Blood Stream —The most common 
o^anisms producing septicemias arc the Streptococcus hem 
olyticus Streptococcus vitidans Staphylococcus aureus 
Eschenchia coU Bacillus pyocyaneus Bacillus mucosus cap 
sulatus mcmngococcus pneumococcus and gonococcus A 
number of bactericidal compounds have been used intra 
vcnously m an attempt to sterilize the blood stream but none 
of these agents has proved to be of consistent value It is 
now generally recognized however that sulfanilamide and 
ns related compounds arc capable of destroying many types 
of bacterial infection m the circulation by virtue of their 
bacicnostatic action According to the factors gov emmg the 
selection of one of these drugs for the control of a given type 
of infection it appears that three of these compounds are of 
proved clinical worth for the ueatment of septicemia Sul 
fanilamidc is the best drug for infections produced by the 
beta hemolytic streptococcus although excellent results have 
been obtained with sulfadiazine Ccrtainh sulfanilamide is 
the drug of choice m those cases with evidence of renal dam 
age Infections due to the Staphylococcus aureus gonococcus 
Lschenchia coli and Bacillus pyocyaneus are best treated 
\\ ith sulfathiazole or sulfadiazine Sulfadiazine is the best drug 
for infections produced by the Streptococcus viridins pneu 
mococcus meningococcus and Bacillus mucosus capsulatus 
rurthermore sulfadiazine Iiccausc of ns widespread action 
IS the drug of choice in septicemia of unknow n cause 
Dosae,c —In case of septicemia it is best to obtain concen 
trations < f free dnig m the I lood of P to "’0 mg per 100 cc 
In using sulfanihnude the desired concentration of drug in 
the blood can usuallv be obtained and maintained b\ an initial 
>ral disc f 4 to 5 gm followed b\ doses of 1 to 1 3 gm 
c\cr\ four hours day and night until convalescence is cstab 
lishcd The nb c dose schedule applies also to the subcu 
tanc us idministriti n of sulfanihnudc m an 0 8 per cent 
solution b) the subcutaneous route although the rate of ab 
sorption b\ the tis.ucs will influence the number of inicctions 
necessary When sulfathiazole or sulfadiazine is employed 



160’ 


II\RIUSO\ F FLIPPIN 


practical purposes to ahmmster tie approxmtatc tnuount of 
Iriig ^Jich experience wdicnes 1 . 1 U pro! ally Ic tierjp 
euucaUy effect! e 

la discussing the dosnge of these drugs it i well to pomt 
out se\eral fnetors which influence the amount of drug that 
IS necessjt) to obtain the desired results Tlie r\ pe of infect 
mg organism must be considered both as to its suscepcibilit) 
to the drug and as to the seients and tjpe of lesion which 
It produces *^0016 conditions imoUing soft tissues require 
different dosages than do unnan rnitc mfcerions It becomes 
apparent therefore that it is impossible to outline a course 
of sulfonamide therapv which will suit the needs of e\cn 
patient Ho c\ er once drug treatmenr has been started it is 
important to continue the drug unol the patient has dctel 
oped sufficient immunitt agimst the infection to present a 
relapse I To\ ct er the time required for the dc\ clopment of 
an immunirs taries with indnidua) patients and infections A 
safe procedure to follow when m doul c is to reduce the dose 
gradualU oter a penod of da\s and watch the patient care 
full\ for an\ etidencc of recurrent infection Not infre 
quentlt a fall m temperature proves deceptive and a spread 
or recurrence m the infecaon will occur if treatment is 
stopped too earl) or the infectious process v ill be masked 
by the action of these drugs and after chemothcrapv has 
been disconnnued the signs and sv mptoms of the infection 
will manifest themselves 

SEPTICEMIA 

By septicemia we mean a generalized infection in which 
pathof'cmc bactena multiplv m and are earned I \ the blood 
stream producing definite symptoms and lesions 7hed«cw 
may develop m anv sulcal panent with a pvogenic focus 
of infection that is insufficiently drained The treatment of 
septicemn consists of (1) surgical removal or drainage of 
pnmary focus (2) sterilization of the blood stream and (1) 
general suppomv c measures 

1 Surgical Rettio al or Dramagc of Pni nry Focus -Th 
most important single factor n the rrc rment of sepace ni 
is the location and removal or drainage of the focus of in 
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fection b> proper surgical procedures to prevent reinfection 
of the blood stream 

2 Sterilt^twn of the Blood Streatn—lhe most common 
organisms producing septicemias arc the Streptococcus hem 
oljticus Streptococcus vitidans Staphylococcus aureus 
Escherichia cob Bacillus pyocyaneus Bacillus inucosus cap 
sulatus memngococcus pneumococcus and gonococcus A 
number of bactericidal compounds have been used intra 
venously m an attempt to stcnluc the blood stream but none 
of these agents his proved to be of consistent value It is 
now generally recognized however that sulfanilamide and 
Us related compounds are capable of destroy mg many ty pes 
of bacterial infection in the circulation* by virtue of their 
bactcnostatic action According to the factors gov cming the 
selection of one of these drugs for the control of a giv cn ty pe 
of infection it appears that three of these compounds ire of 
proved clinical worth for the treatment of scpticemn Sul 
fanilamidc is the best drug for infections produced by the 
beta hemolytic streptococcus although excellcnr results have 
been obtained with sulfadiazine Certainly sulfanilamide is 
ihc drug of choice m those cases with evidence of renal dam 
igc Infections due to the Staphylococcus aureus gonococcus 
Lschcnclua coh and Bacillus pyocyaneus arc best treated 
With sulfathiazolc or sulfadiazine Sulfadiazine is the best drug 
for infections produced by the Streptococcus vindans pneu 
mococcus meningococcus and Baallus mucosus capsulatus 
Eunhermore sulfadiazine because of us wilcsprcad action 
IS the drug of choice in septicemia if unknow n cause 

Dosage —In case of scpticcnm it is best to obtain concen 
trations of free drug m the blood of 1 to 0 mg per 100 cc 
In using sulfanilamide the desired concentration of drug m 
the blood can usually be obtained and maintained bv an initial 
oral dose of 4 to 5 gm followed bv doses of 1 to 1 3 gni 
cverv four hours day and night until convalescence is cstab 
lishcd The al o\ c dose schedule applies also 1 1 the subcu 
tincous idministrition of sulfanilamide m an 0 8 per cent 
solution by the subcutaneous route although the rate of ab 
sorption by the tissues wilt influence the number of injections 
necessary ^^hcn sulfathiazolc or Sulfadiazine is cmplovcd 
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the usual dosage b> mouth is 4 gm folIo\ ed by 1 gm e\ er\ 
four hours As a rule m order to obtain the necessary con 
centraffons in the blood which are desired it is necessarv to 
administer the iiutial dose of drug b> \em In those cases in 
w horn intra enous therapj is necessar\ throughout the course 
of treatment repeated 2 gm doses must be made at six to 
ten hour interxals The above schedule of dosage should be 
continued for at least seven da>s and m most instances this 
will be sufficient although such factors as outlined previouslv 
will influence the total amount of drug necessary for com 
plete cure 

3 Generjl Supportne Uejn/rej— Follovung the surgical 
treatment of the pnmarj focus and the institution of sul 
fonamide therap> it is imperati e that the patients general 
health be maintained Qose attention to and the cmplovnient 
of appropriate measures for the correction of anv disturb 
ances in bodv fluids electrolvtes blood constituents or 
iitamins consrinitc important factors in the treatment of 
septicemia Furthermore in cases failing to respond to chemo 
therap) or m those unable to tolerate the drug the use of 
other therapeutic agents such as spcciflc serum is indicated 
Because of the relative ineffectiveness of sulfonamide therapv 
m staphv lococcal sept cemia v e bel ei e that all such cases 
should receive antiserum in addition to the drug 

POSTOPERATIVE Pl/CMONARV IWFECTION 
The cause of pulmonarv infection hich follows surgical 
operations has been the siib;ect of much thought and expen 
mentation It seems that m mr t instances a combimtion of 
factors such as shock atelectasis embol sm and the oliti n 
of lanngcal and bronchial refle es fav rs the growth ind 
invasion of ever present pathogenic bactena "Numerous cl n 
jcalpostoperativepulmonaiy disturbances ha ebeendifferenti 
ated s me of hich represent fairlj clear entities v hile others 
combine with and merge into one another True pneumo- 
coccal lobar pneumonia s uncommon as a posroperari e pul 
monirv compheat on as most such disturbances are the result 
of other forms of infection such as bfonch tis pncumoniti 
or at) pical p leumonia In general the treatment of these piif 
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monar> infections consists of (I) adequate chemotherapy 
(2) management of complicating factors and (3) general 
supportive measures 

1 Adequate C/jew/ot/jcrapy — Postoperativ e pulmonary in 
fcction can be caused by a variety of pathogenic bactena 
The organisms most frequently associated with this group of 
diseases are pneumococcus usually one of the higher ty pes 
Streptococcus hemoly ticus and Staphylococcus aureus MiTcd 
infection is common and frequently^ two or more organisms 
are concerned m the causation of the infectious process Sul 
fadiazme because of its wide range of antibactcnal action 
and Its relative low toxicity is the drug of choice for the 
treatment of postoperative pulmonary infections 

Darjge —Although we have been unable to determine any 
definite correlauon between the effectiveness of sulfadiazine 
and the concentration of free drug in the blood it appears 
that if a free blood level of 5 to 10 mg per 100 cc is mam 
tamed satisfactory results may be expened In order to ob 
tain and maintain this blood level an initial 3 to 4 gm dose 
of sulfadiazine is given orally and followed by 1 gm every 
SIX hours thereafter until the temperature has remained nor 
mil for forty eight hours and the patient shows clinical evi 
dcnce of improvement It is possible in most cases to adhere 
to this SIX hour dose schedule but occasionally when a higher 
Hood level is desired the 1 gm dose is given at four hour 
intcnals until the desired drug concentration in the blood is 
ol tamed Frcqucmlv m sen iislv ill patients it is w cll to giv c 
the initial d )sc of drug (3 to 4 gm ) bv vein and at the same 
time start giving 1 gm 1 ses cverv four to six boiirs bv 
mouth Patients w hn arc unable to take the drug bv mouth 
ire given gm of sod uni sulfadiazine intravcnouslv cverv 
ten to t civ c hours until the total d wage has been admmis 
tered In general the total losagc of sulfadiazine is 0 to 30 
gm depen 1 ng on cv cn! factois such as the presence of 
I ictcrcmia the div of di case when treatment was staned 
sprea 1 f infection an 1 complicating diseases 

\tjttjzc7 revt of CoinphcJUnir fjrforr -Since the pres 
cncc of pu in a lesion prevents the sulfonamides from acting 

onlactcnawul the same maximum effea w Inch thev exhibit 
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in diffuse nonsuppurating lesions it is important that such 
pulmonarj complications as empyema and abscess be attacked 
surgicalh This does not imply however that sulfadiazine 
should be withheld as it should be used in hopes of prevent 
ing a spread in the infection Usually in cases of massive 
pleural effusion chemotherapy and thoracentesis will prove 
sufficient but if the effusion is thick and purulent surgical 
intervention is indicated The same principle of therapv 
bolds true for any possible focus of infection elsen here in the 
body which ma\ be acting as a source of reinfection to the 
lungs 

3 General Supportne Ucjn/r«—TTie general management 
of postoperative pulmonary disturbances is essentially the 
same as for cases of sepricemia although certain iddirional 
measures are of importance All patients with pulmonary m 
fection should receive sufficient fresh air meisures to pr 
mote adequate bowel elimination and prompt relief of ab 
dominil distention Such measures as enemas rectal tubes 
local heat to the abdomen and the use of piniitrin like drugs 
are often necessary 

If the pulmomry infection is regarded as prmmily atelee 
title dependent upon the obstruction of the bronchus by se 
cretion everv effort should be directed towards removnng the 
obstruction Frequent changes in position and deep breathin'’ 
are indicated Collections of secretion in the trachea should 
be aspirated The emplovmcnt of 5 to 10 per cent carbon 
dioside in oxy gen and steam inhalations are at times cffectiv e 
Postunl drainage with the patient on the unaffected side if 
the operative wound permits is occasionally helpful but 
often taxing upon the patient If these simple measures pro e 
ineffective in a case with signs of bronchial obstruction the 
bronchoscopic removal of the bronchial plug often produces 
excellent results but this procedure should not be deferred 
too long From clinical observations it w ould appear that most 
cases of postoperativ e pulmonarv infection are the result of 
excessiv e bronchial ol strucoon therein necessitating the fre 
quent use of these procedures 

In cases in which the pulmonarv infection i considered 
pnnnnly pneumonic the panent s treated as a case of pneu 
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moiua > It IS often difficult to disongmsh betw een atelectasis 
and pneumonia however unless massive pulmonary collapse 
or a lobar consolidation is present In the latter instance the 
patient should have complete mental and physical rest The 
intelligent use of morphine constitutes one of our principal 
aids m the control of apprehension restlessness and pain m 
such cases Also the administration of oxy gen m pneumonia 
patients is often helpful in the relief of c> anosis and dy spnea 

URINARY TRACT INFECTION 
Hatterial infection of the urinary tract may develop follow 
ing almost any type of operation and constitutes a common 
postoperative compbcation Theoretically this group of in 
fectiQns may involve the bladder or the 1 idncy but usually 
the infectious process is not con6ned to a single organ or to 
the upper or lower unnarv tract This discussion will be 
limited therefore to certain basic therapeutic measures w hich 
arc applicable to all types of urinary tract infection The 
treatment of postoperative unnary tract infection consists of 
(1) establishment of adequate unnary drainage (2) stcnliza 
tion of the urinary tract (J) eradication of foci from which 
bacteria arc av ailablc for continuous reinfection of the urinary 
tract and (4) general supportive measures 

1 Esublisl went of Adequate Dramj^e -Of all prcdispos 
ing causes of unnary tract infection that of obstruction is 
the most important and no treatment is adequate until max 
inium drainage has been prov ided The most common cause 
of postoperative unnarv tract infection is an oi crdistendcd 
bhdder which nnv develop as the result nf a neurologic 
disturbance or as the result of mechanical obstruction such 
as prostatic hy pertrophy or urethral stricture This condition 
IS often referred to as catheter cvstitis and it occurs more 
often because of a Iclav m the proper use of a catheter 
nthcr than a i rc ult of pm r technic Upper unnarv tract 
I tructK 1 hic t ureteral smeture stone tumor or an 
cxtnnsic nnvs mav also cau c unnarv stasis Everv effort 
tliercforc houl 1 1 c made to clmiinatc anv possible cause of 
immn n m > t let to jirojocc an a IcquatcU draininr 
unnary tract ** 
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in diffuse mnsuppttnting \csions it is miportwt tJiaf such 
pulmonan complications as emp^ cma and abscess be attacked 
surgicallN This docs not imply h ue\er that sulfadiazine 
should be \\ ithheld as it should be used in hopes of prev enf 
ing 1 spread m the infection UsuiIU m cases of missive 
pleural effusion chemotherapy and thoracentesis uill pro c 
sufficient but if the effusion is thick and purulent surgical 
intenention is indicated The same principle of thcrapv 
holds true for an\ possible focus of infection elsew here m the 
body yyhich miv be acting as a source of reinfection to the 
lungs 

3 Geiierjl Snpporii e \tcjstfTes —The general manai'cment 
of postoperam e pulmonary dtsrurbanccs is essentially the 
same as for cases of septicemia although cenain iddinonal 
measures are of importance All patients y\nth pulmonary m 
fection should receive sufficient fresh air mcisurcs to pro 
more adequarc bowel elimmatton and prompt relief of ab 
dommal distention Such measures as enemas rectal tubes, 
local heat to the abdomen and the use of piniitrm like drugs 
are often neccssan 

If the pulmonary infection is regarded as pnmjrih Jtelec 
tJtic dependent upon the obstruction of the bronchus b> se 
cretion cv er) effort should be directed tow aids temov ing the 
obstruction Frequent changes in position ind deep breaihin 
are indicitcd Collection of secretion in the trachea should 
be isp rated The employment of J to 10 per cent carton 
dioTide in ovygen and steam infialations arc at times effective 
Pisniral druna^e with the patient on the unaffected s de if 
the opeiati e wound permits is occasionally helpful [ut 
often taxing upon the patient If these simple measures prove 
ineffective in a case with signs of bronchia! obstruction the 
bronchoscopic removal of the bronchia! plug often produces 
eccellenf results bur rJiK procedure should nor be deferred 
too long From cl meal observati ns it v ould appear that most 
cases of postoperative pulmonary infection arc the result of 
c cessi e bronchial ol struction thercb necessitating the fre 
quent use of these procedures 

In cases i v " hich the pulmon rv infection i c n dcred 
prmrsrth pnetnuome the panent is treated as a case of pneu 
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patients are indicated Local irngations ma> be of consider 
able help Also the use of other urinary antiseptics such as 
mandclic acid methenanunc and ncoarsphenamine following 
the acute stage of the infection is a %aluablc adjunct to 
treatment 

PROPHYLACTIC USE OF SULFONAMIDES 
The usefulness of the sulfonamides as prophylictic agents 
IS difficult to evaluate as one cannot be certain that infection 
has or would have occurred However it seems reasonable 
that if these drugs are effective m the treatment of certain 
established infections they imgbc well be employed prophyl 
acticallj in the prev cntion of such infections Alrcadj there 
has appeared in the literature a number of reports which sug 
gest tint these drugs arc of v iluc m prev cnting infection 
following accidental or surgical insult to the body such as 
bums traumatic wounds compound fractures appendec 
tonnes b( v\ cl resections pulmonarv lobectomies nephrec 
tiniics and tnnsurctbral prostntic resections In view of the 
frejuenev with which subicutc bacterial endi cirditis follovis 
the cstnction of sepne teeth < r the remov al of infected ton 
si\s n his heen i vw pncticc to give swhai.\n7inc ti patients 
w itb acquire 1 or congcnitil heart di ci c in w li >tn these ( p 
entne pr tedurcs arc contemplated 1 uicnts with chronic 
pulm nirv disturbinccs such is Imnchitis mil brrnchiec 
ta IS ften dc cl p sc cre puliiionirv infection iftcr open 
tion in 1 m such ci cs it cciiis advisable t administer the 
dnig IS 1 preventive nicisiirc I unhcmi re it is well tt give 
the drug in patients requinng c'lthctcrwiti n iiul cv stoscopic 
cvtminui n t prevent the Icvciopmcnt ( f infccti n 
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2 Sterili^tion of the Unitary Tract—h is now ^ cll cs 
tabhshed that sulfonamide thcrapj^ properlj conducted is an 
cffectu e form of treatment for many t> pes of urinary tract 
infections The most common organisms producing post 
operative urinary infections arc Escherichia coh Staphylo- 
coccus aureus Streptococcus hemoly ncus Streptococcus 
fiecahs Bacillus proteus and Bacillus pyocyaneus Sulfanil 
amide sulfapyndine and sulfathiazole have been used quite 
extensively m the control of these infections and from avail 
able data it appears that sulfathiazole is the druff of choice 
Sulfadiazine has not been used long enough to determine its 
exact place although it shows every indication of being 
equally effectn e as sulfathiazole m unnary tract infections *- 

Dosage —In general the doses of sulfathiazole and sulfa 
diazine to treat urinary mfeciions hav e been low cr than those 
used to treat other infections For most types of infections 
involving the urinary tract treated with these drugs, unnary 
concentrations of SO to 200 mg per 100 cc are usually suf 
ficient to stcnl ze the urine and such lev cIs can be maintained 
by administenng 3 to 4 gm da Iv m div ided doses In certain 
pjQencs however especially those suffenng v ith severe in 
fection It is often necessary to obtain higher concentrations 
of the drug m the unne ( 00 to 400 mg per 100 cc ) thus 
necessitating larger daily doses (S to 6 gm ) Asa rule it is 
necessary to continue the aboye schedule of dosage for at 
least fiye days Failure to respond yy thin this time generalh 
connotes some coinpIicatm<' factor * Relapses of infection in 
the unnary tract are not uncommon and are usuallv the re 
suit of inadequate dosage or the fact that the drug has been 
discontinued to soon 

3 Fra hcation of Foci — Tl ere is no d ubt that manv urin 
arv tract infections are produced as a result of infccti n in 
other structures such as the sV n bones intestines and the 
genital tract The cl nuniaon of the primary source of the 
infecting organism to pre ent con rant re nfcction of the 
unnan tract is therefore of great import nee 

4 General Supporti e Measttres ~ln the treatment of pa 
ticnts with unnarv tract infections rest adequate diet and 
sy stemic measures such as outlined for the care of septicemia 
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THE USE OF SULFANILAMIDE IN THE MANAGEMENT 
OF SPREADING PERITONITIS OF APPENDICEAL 
ORIGIN 


CALVIN M SMYTH J MD FACS 


Prior to 1939 the mortality from peritonitis of appendiceal 
origin constituted a challenge and a reproach to surgery The 
wide spread of the monaliiy figures from different clinics 
roughly all the svay from 5 to 5ft per cent was difficult to 
interpret The conflicting opinions expressed bv competent 
surgeons regarding such important matters as optimum time 
for operation nature and extent of surety omission or in 
stitution of drainage to mention a few made evaluation of 
anv method of management almost hopeless \\ ith the intro 
duction of the sulfonamide drugs into surgical therapy it nat 
unllv follow cd that these should be applied to the treatment 
of icittc appendicitis 

\ccording to a recent editoml in the Journal of the Avter 
lean \fedicil 4ssoauion Decs was prnbabK the first to use 
sulfanilamide intrapentoncalK In 1940 the routine intraper 
it ncal intr duction of the drug was adopted at Roosevelt 
Hospital New ^orl» and in 04 consecutive cases of acute 
appendicitis operation was performed without a death The 
m mhi\ in the preceding fi e vears (1934—1939) in similar 
cases !iad been 7 per cent These figures arc dramatic but 
in attempting to interpret them one shoul I 1 car in mind that 
the problem is not actualK that of acute appendicitis Acute 
appendicitis if treated b\ operation 1 cfnrc the con htion has 

pread Icvond tic confine of the ippcndix should have no 
mortahtv If perf rati n has taken plicc into preformed ad 
he ions the mortahtv sK uld be negligible m competent 
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THE USE OF SULFANILAMIDE IN THE MANAGEMENT 
OF SPREADING PERITONITIS OF APPENDICEAL 
ORIGIN 

CALVIN M SMYTH J MD FACS 

Prior to 1939 the mortalitj from peritonitis of appcnJiccil 
origin constituted a challenge and a reproach to sur{,er> The 
wide spread of the mortalttv hgures from different thnics 
roughK all the ay from 5 to 50. per cent w as difhcult to 
interpret The conflictiot opinions expressed b> competent 
surgeons regarding such important matters as oprinium time 
for operation nature and extent of siirgcrs omission or in 
stitution of drainage to mention i few made evaluation of 
an\ method of management -ilmo^t hopeless ith the intro 
duetion of the sulfonamide drugs into surgical thcrap) ic nat 
urallj followed that these should be applied to the treatment 
of suite appendicitis 

\ccording to a recent editorial m the Journal of the Aincr 
>can Medicil Assocntioji Decs was pn babl\ the first to use 
sulfanilamide intrapcntoncalh In 1940 the routine mtnper 
If >ncal introduction of the drug w as adopted at Roosev elt 
Ihspinl IScw ^orl^, and in ’04 consecutive cases of acute 
appendicitis opcntion was performed without a death The 
niirtalitv in the preceding five >C3rs (1934-1939) in similar 
cases had been 7 per cent These figures arc dramatic but 
in iftcmpting to interpret them one lu ul I bear in mind that 
the problem is no; actuallv that of acute appendicitis \cutc 
appendicitis if treated bv operation 1 efort the condition has 
spread bev ond the confines of the appendix shoul 1 hav c no 
m rtal tv If perforation has taken phec into prefonned ad 
hesions the mortalitv should be negligible in competent 
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hands In abscess resulting from localization of the condition 
the niortaIit\ should I e low TTic real problem therefore re 
duces jrself to that of free rupture into the pentoneal ca nt> 
with spreading peritrnitis without attempt at an> \ ailing off 
process In attempting an evaluation of anv new form of 
treatment the critical test shruld be applied onl} to this 
group and not to the much larger group of cases of acute 
appendicitis in general 

In October 1958 Ra\dm Kno\ and this w ntcr m a spe 
cial report to the Philadelphia Acidemv of Surgen collected 
from their sen ices in siy hosp ttb 696 cases of acute appen 
dicitis with free perf< ration and spreading penton tis No 
cases of localized abscess were included In this gr up there 
w ere thirtv nine deaths q tnortahts of f 6 per cent These 
cases were all trcited m the same manner since ill three sur 
geons had had simhr rrjimng The McBurnei incision i as 
use! and the appendix \ as removed in e er\ instance bix of 
the deaths occurred in cases in which the wound was closed 
without drainage of v hth there were a total of nine o 
treated These figures arc given in >rJer that a fair c nipari 
son mav be made w ith a similar but much smaller group of 
cases treated in the sin c manner m our clinic bur with the 
iddition of sulfimlamidc thcrapv 
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Since the institution t f the routine u c of sulfanilamide the 
w ntcr has t perated upon 178 p nents ith acute su| piirativ e 
appendicitis Perf ran n vjth spreading penton ts had oc 
cuKcd in twcnt> se tn of the e There were i\ in n ces of 
perforation v ith localized abs css \\\ < f the t entv se en 
paaents Mth sp cadif^ penmntis received siilfimlami 1c bv 
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h> podermocl> SIS but not all had the drug introduced into 
the peritoneal cnvit> No patient in the entire group died 
Tins senes is of course too small to warrant broad conclu 
sions How e\ er e\ er> senes is important as a part of the col 
lected experience of man> sui^eons 
Ravdm Rhoads and Lockwood in a senes of '’57 cases in 
which operation was done since the introduction of sulfo 
natnide therapy reported a mortality of 0 4 per cent a reduc 
non o\ cr their pre\ lously reported mortality of 1 5 per cent 

METHOD OF ACTION 

Sulfanilamide when deposited in the peritonea! cavity dt 
velops a rapid and high concentration locally This concen 
(ration may be anywhere from 300 to 1000 mg per cent 
defending upon the quantity of the drug introduced These 
c inccntrations arc maintained for from tw emy four to thirty 
SIX hours and m same cases shghtK longer Absorption from 
the pent meal cavitv is rapid and blood levels of from 10 to 
15 mg { cr 100 cc niav be expected within a few hours Such 
levels liovcvcr arc not inamtamed for much over twelve 
hours Tlvc seventv f the infection and t\ie amount of pus 
present dchnitclv influence the rare of absorption The more 
severe the infection thcslowcrthcabsirption Loclwoodhas 
show n that this is doc t > the inhibiting action of peptones 

CHOICE OF DRUG 

ith the iiurv du m n f newer sulfonimidc compounds it 
V IS to be expected that M lfjthu« Ic sulfipy ndinc and sulfa 
du/ini. w»uld be tried as sub titutes fir sulhnihmidc Sul 
fuhia/ Ic In pr bibly been used more than tht others The 
rchti c freed m from side effects with sulfatlnazolc led a 
number f surgeons lo u c this drug in preference to sulfan 
ihnii Ic 1 lie fact ren iin hi ever tint sulfanilamide is m ire 
clfeetivc ig in t ilic rpani m iii i t frcqucnilv involved m 
pent mti f apj c V lit il ngiti I Uc'^: arc the colon bacillus 
the hem Is tit an I n nhcni h tic trc| t c iccus and less com 
monlv the pa liciHuspriui I unlicrm rc sulfanilamide in 
ll c ct\ t II 1C f nil 1 the 111 , 5 Iiil Ic ind therefore the 
niott el M rl ihle i f the siilfoiuitiule En up It is the onli one 
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m us presentl) axaibble form that is capable of penetrating 
fibrin Sulfathiazolc is less soluble and a\ hen mixed \\ ith blood 
(or fibnn) tends to form concmions nhich not onh become 
ineffectual but remain as foreign bodies capable of doing dam 
age The microcr> stals of sulfathuzole arc more soluble than 
the pow dered drug 1 ur ne\ citbelcss act against a smaller \ an 
etx of orgamsms of significance in the condition under dis 
cussion It IS the considered opinion of this writer that cr)s 
ralline sul/anilamidc is withour question the druo- of choice 
for intrapcritoneal appbcation and also for subsequent admin 
istration bx other routes 

SELECTION OP CAS£S 

\^ith sulfanilamide as with am nc\ remcd\ there has 
undoubtedly been a tendency to use it w here no actual indi 
cation existed There would seem but scant justification for 
introducing the drug into the peritonea] cati^ m esery case 
of acute appendicitis ^\hlIe it has been shown by Key and 
others that the local application of the sulfonamides does not 
appreciably interfere with wound healing or tend to cause 
adhesions it is the experience of in ny surgeons that w ound 
secretion and capillan oozing arc definitely increased This 
may cause an indirect delay m healing and a predisposition 
to secondary infection after rlic imrial bactenostatic action 
has ceased 

ith regard to localized appendiceal abscess there is some 
question as to the necessity for or desirability c f employ ing 
the drug Certainly it s difficult to recognize the indicanon 
for more than the initiil intrapcntoncal dose e en yyherc 
closure without drama‘»c (a procedure not reconimen led) is 
done In the yyntcr s personal crpcnencc w hen sulfanilamide 
is introduced into a localized abscess there mis be slightly 
less temperature reaction m the first ty ent\ four hours ho 
ever drainage is somea hat prolonged as compired to those 
cases of abscess in yv hich the drug is not employ ed 

In the cases of free perforation x ith spreading penton ns 
sulfanilamide finds its greatest indicanon TTiis statement mi t 
n t be appl cd to those cases in which the drug is gi cn as a 
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propli) lactic before c Ion suiycn 
intestinal anastomoses 


r distributed locally about 
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In tlic cirlicr ca cs it was not im practice to distribute su! 
fanihniidc in the peritoneal civitj but to give the entire 
amount cither subcutancoush or m the later stages bv mouth 
Mv present practice is to place the initial dose in the pent 
oncai cavit> and follow with the rennindcr b> hvpodemioc 
Ivsi At the time of operation c\er\ attempt is made to 
rcmo\ c b) asj iration and gentle sponging all of the pus and 
infectious matcrnl This removes m a measure the inhibit 
mg action of the peptones to winch reference has been made 
In the average adult patient 8 gm of the crystalline drug is 
distributed as uniformlv as possible In some cases the amount 
IS increased to 10 gm If the wound is to be closed about the 
Irains an addititnal ■* gm is sprcul in the layers of the ab 
dommal w all \\ hilc up to ’0 gm may probably be depos 
itcd with safety the dcsirabilitv of such large amounts is 
open to serious (jiiestion and rhev arc not recommended 
As previously stated the rcc >mmended dosage brings about 
a rapid and high local c( nccntraiion of the drug Absorption 
follnvv s at a rate either slow or rapid depending upon the de 
grcc of infection 

In from eighteen to tvven(TTour hours but not earlier 
administration bv hy podcmioclv sis is started For this 8 girf^ 
of the drug is dissolved m 1000 cc of physirlogic sodium 
chi indc solution Of this solution 50 cc is given every sit 
hours the needles remaining in place On the second third 
and fourth dav this dose is rcpcatcl On the fifth dav the 
dose is reduced to 6 gm and on the sixth dn to 4 gm In 
mv earlier cases I w xs inclined to discontinue the drug too 
soon 1 ut accumulated cxpcncncc has led to the adoption of 
the rule that v\ lien sulfanilamide is giv en it should be con 
tinned in most instances for a weeb Too earlv discomm 
nance IS frcciucnth follow cdbv recurrence of fever and other 
twptoms WTien these occur after the drug has been stopped 
resumption of its administration is not attended bv success 
It IS essential that cn stallme sulfanilamide be used and that 
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the mi\rurc be heated to 60 C until solution is complete 
Othennse the drug will be thrown out of solution The solu 
Don must be made fresh daih and anj of it turning jcllou 
or becoming cloud\ should be discarded ^ 

Nausea and aomiting seldim occur during the subcuranT* 
ous adminisrratJon of the drug I hai e seen j aundiofas a com 
plication onlj once and in this patient it was of onl>._Dnc - 
da\ s duration Oanosis aad-disaeienMnoTron thclitficr 
are common but I regard these as of nf>-special-si‘mificaiKc 
or cause for concern It is always well to forewarn the pi 
tientsfamily regarding these matters This will sa\e the fam 
il\ much lorrj and the su^eon much annoy anec m the form 
of tefephene calls and the like 

Blood Icy el dercrmmations and blood counts arc made daily 
f r the first three days and eaery other dav thereafter yyhile 
the drug IS being gnen Anenua may be of sufficient degree 
to require transfusion but in my cspencnce this is not the 
rule and the blood picture rapidl) returns to normal y hen 
administration is stopped In no case ha c I encountered eyi 
dcnce of local irnration abscess fonnarun or sloughing as a 
result of subcutaneous administration 

SUMMARY AND CONCLUSIONS 

From an analysis of the collected expcnencc of surgeons 
dunnt the past three years it y ould appear that the use of 
sulfanilamide has resulted m a definite reduct on in the mor 
talitj of perforated appendicitis suh spreading penronins 
This reduction his been most stnkm**- m those clinics wh ch 
reported loyy mortiliry in the oyerall statistics of acute appen 
diciris 

As pointed out ca I cr in this art cic it is dangerous to giyc 
too much yyeght to total mortihty figures in acute appen 
dicitis The proportion of c ses yy ith perforation to total eases 
yanes tremendou fy in fiffcrent clinics icpending upon the 
n pe of general pract tioncrs referring the cases t the c-lmic 
Thus in a con mumn h mg a laige priportion of y ell 
trained doctors who rcc gnizc acute append c ns as suc)j and 
promptly refer their pine Its for suigcry the number f cases 
\ ith perforation in rehtion ti total cases of icitre appen 
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diems will naturally be small On the other hand m a com 
munit) \\ here the population relics on the hospital for med 
ical care to the almost complete etclusion of the pruate 
ph) sician there is a tendeno to use home remedies (for ex 
ample Ixxames) m the earliest stages of appendicitis and it 
Mill follott that the number of instances of perforation m 
relation to the total will rise Since it is m the group with 
perforation that the mortalic> will be found it is obiious that 
total cases mean but little in the etaluation of an> change in 
the plan of management 

\I) own experience as well as that of Rat dm and Knox 
indicates that the routine use of sulfanilamide has resulted in 
a low ering of mortalit) through the sat ing of the group oj 
patients who fotmcrlt died m spite of ctcr> thing else we 
were able to do for them I have nude no other changes ir 
the postoperative treatment nor hate 1 in anj tta> modified 
m> policy of operation upon diagnosis regardless of thestage 
of the disease routine f)fjhr-_appPTTrtit-in"?ll'r'!i^c ol 

free perforation ami the routine institution cf drainage It is 
therefore reasonable to assume that sulfanilamide has beer 
responsible for this reduction in mortalitv 
If a word of caution is permissible at this point I wouli 
emphasize the fact tim sulfanilamide m the management o 
peritonitis of appendiceal origin is nor a method of trcitmen 
per se It should always be rcgirded as an ai]unct to rathe 
than a substitute for good suigm E\ cr\ thing that w e did ti 
and for patients with spreading peritonitis befrre the intro 
duction of sulfmilaintde wc must continue to do I do no 
bebet e f r example that the indicati ns for closure w ithou 
drainage hate been legitinmclt extended through the use o 
sulfanilamide nor that the incidence of such long recognize^ 
postoperatwc compbcitions is residual abscess fecal fistul 
and imcstiml ol stniction ha c been reduced 
In short sulfamlnmidc has pr ted it tlf to be a taluabl 
addition to the annamentanum of the good surgeon m th 
treatment of a lethal disease but \ hen used In the inexpei 
WT wcca wmal operatwi wbo itiics upon the dnig to o\ ercorr 
the inadequacies of his performance the results t ill be dii 
appointing 
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the mmurc be heated to <50 C until solution i$ complete 
Ochennse the drug will be thronni (ut of solution The solu 
non must be made fresh djil\ and an\ of it turning jellow 
or becoming clouds should be discarded 

Nausea and soniiting seldom occur during the subcunme* 
ous idmmistration of the drug I base seen jaundrrt^a com 
plication onij once and in this patient it s 4S of onlj^nc — 
das 5 duration Cs anosis JafLdisoeienfanoTrDn thiTothef Jiand 
are common but 1 regard these as of no-specul si<mificjncc 
or cause for concern It is alstass sscll to forcssam the pa 
fient s famils regarding these matters This snfl sas e the fam 
ils much s\ orrj and the surgeon much annos a 'cc m the form 
of telephone calls and the like 

Blood Ks el determinations and blood counts are made dails 
for the first three dass and esers other dts thereafter sshilc 
the drug is bein'' gi en Anemia mi\ be of sufficient de^^ree 
to require tnnsfiision but m ms experience this is not the 
rule and the blood peture npidls returns to normal s hen 
administration is stopped In no case base I encountered csi 
dence of local irritation abscess fi rmation or sit iighing as a 
result of subcutaneous administration 

SUMMARY AND CONCLUSIONS 

From an analssis of the collected expenence of surgeons 
dunng the past three jears it ssoidl appear that the use of 
sulfanilanudc has resulted in a definite reduction in the mor 
talit) of perforated appendicitis ss ith sprcndi ig penton tis 
This reduction has been most stnkmg m those clinics which 
reported low mortihn in the o\ erall statistics of acute appen 
dicuis 

As po nted out earlier m th s art clc it is dingerous to g c 
too much \ ei ht to total momlin figures in icute appen 
diatis The proporri n of ca es th pc foration t total cases 
Sines tremendou Is in hfferent dimes iepending upon the 
ts-pc of general practitioners ref nng the cases to the dm c 
Thus m a communin hatin" a Jarpe pr porn n of ell 
trained doctors ho rec gmre i ure ppen licin a sud and 
promptls refer their patients for surgen the nunil er of cases 
with perforation in relation to roriJ cases of icure ippen 
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THE EFFECT OF SULFONAMIDES IN WOUND 
HEALING 

HAROLD A ZtNTEL M Pf 

The m idespread use of the sulfonamides m the treatment 
of surgical rounds and the prc\cntion of infections m civil 
and military practicv Ins led to much speculation as to the 
actual effect of these therapeutic agents upon the rate of 
wound healing Comparamcl) recently sulfanilamide and re 
Uted compounds hat c been pro\ cd to be defimre aids to proper 
surgical technic m the treatment of the infected >vound 
Gratifying results from this type of therapv hate led to the 
use of one or another of the sulfonamides as a prophy lactic 
or preoperatne measure even m cases where the risk of m 
fection IS remote Although there arc differences of opinion 
as to their influence upon the healing of nonmfccted wounds 
no uncertainty exists concerning their value m the promo 
tion of healing of contaminated or infected wounds as at 
tested by several papers published by various authors 

PARENTERAL OR LOCAL CHEMOTHERAPY 
Wounds do heal m patients receiving parenteral or local 
chemotherapy (Taffcl and Harvey Key and Burford and 
U ell Wliitackcr and Uiishndgc ) Serosangumeous effusions 
have been reported (Casbcig and Speed ) as the result of 
excessiv e amounts of drug implanted in vv ounds Local appli 
cation of an exccssiv c amount of a sulfonamide results in a 
dead space \ hich in the natural course of healing is filled 
with a serosangumeous fluid (Kev ) The dose of any sul 
fonamide for local application as recommended b\ the Sub 

Frt th H n«. D P rtm f S Tp 1 Revea h Schcwl of VI d 
U nw f P I m 

tl ni« S rp ty d H mso F U w S rgical R«ea h 
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abdominal wall wounds did not matcnally' affect the rate of 
wound healing or the tensile strength of the wounds In theic 
w ork guinea pigs rats and dogs w ere the evpenniental animals 
S 2 iIfona?/tides in Treatment of Compound FrtcUires ~Jen 
son Johnsrud and Nelson reported that thirty nine cases of 
compound fractures treated by careful debridement and local 
implantation of pow dered sulfanilamide and then closed pri 
manly all healed b\ primary intention Campbell and Smith 
did not feel that sulfanihmide reduced the number of infec 
ttons in a senes of fifty four cases of compound fractures 
treated with sulfanilamide locally Most of the authors of ar 
tides on sulfanilamide m compound fractures agree that the 
incidence of infection is decreased significamh when the 
drug IS used in conjunction with proper surgical management 
Sulfonamides m Treatment of II ounds for Skin Graftw^ 
—According to Ycal Klepscr and DeVito' preparation for 
skin grafting of granulating surfaces of w ounds w ith sulfanil 
amide has been icry gntifying However these authonoes 
suggest that sulfaniliiiiidc itself mn have an mhibitorv effect 
upon the vascularization of granulation tissue and the growth 
of new epithelium 

EFFECTS OF ORAL ADMINISTRATION OP SULFONAM 
IDES ON DECREE AND RATE OF WOUND HEALING 

Rrickcr and Graham after expenmenting on dogs con 
eluded that sulfanilamide administered orally inhibited wound 
healing Taffcl and Harvey and 7intel Freshwater Hardy 
Hams Nccf and Robinson reported no appreciable inhibi 
tion or retardation of vv oiind healing in animals to w hich sul 
fanilamidc and sulfadiazine had been administered orally In 
the experiments of Unckcr and Graham sulfmilamide was 
given orallv to dogs in doses rf 1 5 gm twice a da\ Their 
expenmems covered onix from the third to the seventh post 
operative davs and therefore did ntt include all of the nor 
tml phase if woiinl healing In view of the differences of 
opinion that ha I been presented and m view of the appar 
enilv contradict rv experimental cv idcncc it seemed that the 
subject might well he imcsngatcU under different environ 
mental conditic ns Studies therefore hav e been made cov er 
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committee on Surgical Infections of the National Research 
Council IS the amount neccssnr> for a light dusting of the 
« ound surface This amount should not e\cccd I gm of drug 
for each 10 square inches of viound surface Parcnteralh ad 
ministered solutions of sulfonamides do not cause scrosangum 
eous collections 

Choice of Sulfonamide for Locil £7re— Tissue culture 
technic has been used in the studs of the toxic effects of the 
sulfonamides (Jacob) Medauar and \\ illmcr ) Sulfanil 
amide and sulfath azole m high concentrations are mildl) toxic 
to human tissue cells as judged bx the suppression of groxnh 
of fibroblasts mjcropha*’es and epithelial cells ffoucier 
their to\icit\ is so slight that it nm be disregarded and it 
d sappeats as soon as concentrations of the drugs are de 
creased Sulfadiazine and sulfap)ndme e\cn m supersatur 
ated solutions apparentlx d( not produce this toxicit) Maxo 
and Miller* be/ieie that a saturated solution of Svlfanihmide 
in normal saline solution stimulates xxound healing Effectixe 
ness of antibacterial action remains the pnncipal basis for the 
choice of a part cular sulfonamide or a combination of sul 
fonamides for local use One exception to this statement is 
the use of sulfadiazine in cl xed x ounds Sulfadiazine cr)s 
cals hax e been found to be defimtclx undesirable in closed 
xxound in the expenmcneil animals because xiotind heiling 
IS delaxed Lxens xnd Burbanl^ m their rcxicv of 1 cal 
sulfonimidc thcrapx suggest that probnblx the most pncticil 
agent for use in superficial \ ound xxiU pr ixc to be x mixture 
of sulfanil mide and sulfachuzolc 

Prophylactic Use of Sulfoiianitfes in Clean Op rttioris- 
Kex and Burford haxe reported on the prophx lactic im 
plantation of sulfanilamide and sulfjtluazolc m clean pera 
tions Thex rep rt no post perat c infections m 150 con 
seciimccacs The a ras'c am unt of sulfanil unidc used \as 
5 gm aUhoioh n occasion is hgh as 10 gm xxcrc used 
Sulfathiazole xasised n eightx sexen of ihcir cases nth no 
clinical e idence of lelaxed ound healing xvJcn the drug 
w as used in small amounts 

Harb son nnd Kex found that the local implantation of 
moderate amounts of sulfanihmide in ttmich duodenum or 
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mental incisions of the fascii md stomach Silk sutures were 
used m the skin Uniform blocks of skin and fascia measur 
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jng al! of the phases of healui^ of s« eral types of assuc m 
animals recen mg sulfonamides by stomach tube 

rxperiinemul —The tensile strengths and histolog 
ical reactions of skin fascia and stomach all m ere used as 
entena for the degree of \ ound healing The expenmentil 
animal m as the dog Sulfanilamide and sulfadiazine probabU 
the n\o most widely used sulfonamides s\cre employed m 
these experiments 

The blood sulfonamide lev els inimtained vv ere almost tv icc 
the average effective human blood levels The sulfanilamide 
blood concentration averaged 19 7 mg per 100 cc vnth a 
1 Jtiation betiiccn 3 and 308 mg per 100 cc The arerage 
sultadiazine level as 177 mg vv ith extremes of 67 and 364 
mg Administration of the drugs was by means of the stom 
ach tube Sulfanilamide was administered even eighth hour 
in 1 gm doses I ecause sulfadiazine is both absorbed and ex 
creted nirrc slowly than sulfanilamide it was administered 
less often bemg given every twelve hours One half gram 
of sulfadiazine per kilogram of body ei^ht was admin 
istered as the initial dose thereafter 0 ’J gm per kilogram 
was given in each feeding The sulfanilamide and sulfadiazine 
levels were determined at the end of the normal interval of 
feedin" le at the end of twclic houR for the animals tc 
ccinng sulfadiazine md at the end of ei«»ht hours for those 
receiving sulfanilamide No doubt the true average blood 
lev els during the expenments \ ere higher than indicated ( y 
the figures given because 11 od levels of sulfanilamide and 
sulfadiazine ordinanlv begin to fall before the end of eight 
and twelve hour periods rcspcctivch The drugs vere gi cn 
from the third dav before operauon until the time of sacrifice 

The animals were sncnficed at intervals from the third to 
the th rteenth postoperative day Identical operative technics 
V ere used on both control and cxpcnmental animals Through 
a bparotoim ound a cm incision v as made in the ante 
nor surface of the st mach Separate incisions w ere made in 
the anterior rectus sheath and in the skin Thus the sknn and 
fasc /3 tesrei ere n t from the immediate vicmitv of the 
hparotoniv incision nor ere the fascia and skin me sion 
supenn po c 1 Citgiir wit ires ere u c 1 t do c the c pen 
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mental incisions of the fascia and stomach Silk sutures were 
used in the skin Uniform blocks of skin and fascia measur 
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ing 1 cm at the line of incision were tested b> means of the 
tensiometer (Fig 496) Tlic strength of the stomach tvounds 
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13S mcasiircd b> the amount of air pressure required to dis 
rupt the s ounds (Fig 497) ... 

Results of Experiment -In Fig 498 arc recorded the \ er 
9ge tensile strengths of the s ounds f the skin fasci and 



FFFFCT OF SULrONAMIDES IV -WOUND HEALINC 16'’5 


Stomach of both the control animals and tliose receiving sul 
fanilamide As the strengths of healed \v ounds of fascia shin 
and stomach wall are not abkc they have been reduced to a 
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common denominurr and expressed as per cent of normal 
strength 

Tigurc 499 i graph ,{ the tensile strength 1 1 n onnds from 
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the thtrd to the fh/ttcCTifli tins «Iien adequate hiood le\el 
of sulfadiazine were mainramed The solid line represents the 
probable true strength increase of wound This curse re 
semblcs the curs e of inan> phenomena It is s er) similar to 
the gross th cune t f scast p ipulati n the g^oss^h curse of 
the fruit fls and the curs c of an autocatals zed monomolecul r 
chemical reaction as pointed out b\ Harsej in his studies 
on the growth of fibroblasts in the healing ss ound 
Although there are sstde sanations of some of the obsersa 
rions the general trend is set) definite \ anations are ob 
serscdin both the espennicntal and control animals and base 
been commented upon b) other ssorkers ssho base made sim 
liar studies (Harbison and Ke> ) 

Figure S(k> presents phoromter^^raphs of sections taken 
through the w ounds of the stomach on the eles enth postop 
erjciv e das /t illustrating the find ngs in a sulfadiazine treated 
ammal and in a control animal Complete repair of the 
mucosa and union of the muscular lasers b> fibroplastic re 
pair are ssell illustrated Cellular repair is identical in both 
the control and the etpenmental ss ounds Careful histolog 
ical studies ss ere made of all ss ounds N o essential differences 
in histologic repair s ere noted beiss ecn the control animals 
and those treated ssith sulfanilamide and sulfadiazine 

Other factors knm n to influence s ound healing ere 
carefully obsersed Hs poproicincmia and sitamin C defi 
ciency has e been demonstrated as retarding the rate of ss ound 
heahng (Thompson Ras dm and Frank Ilanzell and Stone 
and Hum ) bersim protein les els s ere determined on each f 
the ammals on the das of operation and at the time of sacn 
fice Tss 0 ammals had serum protein les els si ghtly beloss n r 
mal but these animals did not sho significant changes from 
the general trend Proten and sitamin C requirements ere 
insured b> a diet ample for all nutritional needs 
The healing of ss ounds of fascia skin and stomach ssall 
was not appreciabls a^ected when more than adequ te blood 
levels of suI/aniJsmide or salfadiszsne ere m nraincd 
through all the phases of normal wound heal ng Tlie tensile 
strength of wounds of animals receismg sulfanilam dc o sul 
fad azine did not differ from the rcnsile strength of ound 



f the control animals when tested at intenals betw 
third an! thirteenth postoperam c di\s Hi rologic 
(ailed tn Tcvctl igmfiirtnt hfrerencc; in the degree f 
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healing lictuccn the control and cvpcnincntd incisions It 
seems rcasonal !c to conclude tlicrcft re frim these data and 
from clinical oliser\ mom thu adequate blood leads of sul 
faniJtmidc and su)fadiaTine mn le nninrjined for the pro- 
pin lictic or theripcMtic treatment of infection without m 
hibitino the rue of wound hciliri" and without in ana aaaa 
)eipirdi7ing the ctsinetic result or the finil strength of the 
aaound 
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ONE STAGE ABDOMINOPERINEAL PROCTOSIG 
MOmECTOMY 

W WAYNE BABCOCK MD FACSf 
d 

HARRY E BACON MD FAPSt 

Cancer of the abdominal and pelvic colon is a curable dis 
ease especially m the early stage when there is greater cer 
tainty that all malignant tissue m3> be located and removed 
Occasional!) even when there is evidence that the cancer 
has existed for one or two years recurrence docs not take 
place during the patient s lifetime and m general the prog 
nosis IS better than that of a corresponding malignancy m an> 
other internal organ 

Thus far methods otJ cr than v-ide surgical excision have 
proi d inadequate to eliminate the disease It should be borne 
in mind that approximately 80 per cent of all intestinal can 
cers are located in the sigmoid and rectum In this area 60 per 
cent ma) be diagnosed b> palpation while about 90 per cent 
are \ isible through the sigmoidoscope Lesions abov c the mid 
sigmoid mi\ be visualized rocntgcnographicall) with or with 
out the double ctintrast method often before the dev elopment 
of subjective s) mptoms 
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oped Particularlv is it jmportint that the diagnosis be madt 
earl) in the V per cent of patients less than fort) years of 
age who so often hate a rapidh progressive t\pe of malig 
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nan \ The \ ungest patients we have seen with carcinonn 
of the colon ere four and thirteen vears old 

C >1—1 rtl eversatv ent t\ o \ ear old med cal student 
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OJAGNOSIS OF MALIGNANCY OF THE LARGE 
INTESTINE 

Ea ly Symplomj 

UnfortunatcK diigntras his not kept pace nmcIi adianccs 
in the surgical management of malignancy of the hrge mtes 
tine It IS appalling indeed that mans patients have icr> 
suggests c SI mptoms for months or ei en a a ear or more he 
fore Seeking medical adiice (Fi® 50l) The public has not 
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become sufficieiuh a irc f the ominr us i ortent f recur 
rent abdominil cramp pchic tenesmus and change in I \icl 
habit toward constipiti n r dia hca in persi ns I et ecn fif 
teen and nmets a cars of age or that blood and nnicu in the 
stool frcqucntli mean m rc than the presence f piles ir fi 
sure (fig >0 ) M hi al io/mml co!t< r/ii H ptmc 

ularh after i hca i mci* t r la atnc arc the c nimon carlt 
s\ nipt Mil (fcircin lu f the tran ers r dc n hng c I n 
— often Ignored or pj)h re J i ntd a sudden a }}p)ctc ol twe 
non occurs or until the cachirua of intpcrab |it\ has dctcl 
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comtipati 07 i IS attnbuted to aj,e A patient recently seen had 
been given a years supply of laxative so that she would not 
have to return to the doctor for that period (Fig 503) Even 
the very significant inonnng diarrl ea of cancer of the rectal 
ampulla may be treated as colitis for months The anemia 
peculiar to carcinoma of the cecom not infrequently is stud 
led and treated as an essential anemia (Fig 504) The melena 
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I confused with the copious bleeding of internil hemor 
rh id r end mctntis (Fig 505) which of course mav be 
issociatcd with nialignancv One patient reported two years 
treatment for piles ithont n rectal examination (Fig 50"’) 

1 be tenctnmi tth the frequent small mucous dejecta of an 
anal cancer nu\ I c diagnosed as dssemcry or proctitis or as 
a Simple stnen re ml trend i in a recent case bv diml 
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live te s on nc S nda^ aftcm on violent abdonunji cr^ 
iiistention and n^bUc} to moKe the ha cIs feveioped He 
attended fa) a ph\ s»cu tor i\ da tl en refer d to a 
gcon \ h at p rat found n 1 struct tv caremom 
perfom ed a p fl tie 1 ttm Oil rctimt ths c i 
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Ithough h vas stU hca il> mo eled ail appe red m lut 
health, % c found a fa ad anced care n n of the c 1 n \ ith 
tnetast sis 

But and it is tj be espeaall) regretted dela\ is more fre 
tjuetnl> lue to the phjacian than to the patient Often the 
s Clan fails to be alert to tl e earh nuldcr sv nptoms The 
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comtipation is attributed to age A patient recent!) seen had 
been given a )ears suppl) of laximc so that she would not 
have to return to the doctor for that penod (Fig 503) Even 
the very significant viomtng diinbei of cancer of the rectal 
ampulla may be treated as colitis for months The anentta 
peculiar to carcinoma of the cecum not infrequently is stud 
led and treated as an essential anemia (Fig 504) The vielena 
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I c infused w 1 th the copious bleeding of internal hemor 
rhoid r end metritis (Fig SOS) which of course mav be 
ssociatcd \ itb milignmcv One patient reported two years 
treatment for piles with ut a rectal examination (Fig 50 ) 
Tlic ten snn s with the frequent small mucous dejecta of an 
anal cancer mav be diagnosed as d\sentcr> or proctitis or as 
1 inplc tneture md irciicl as m n recent case by dnul 
ion or me i i 




K'H 


H V\NE n\BCOCI. IIARR^ C liiCON 


luc WJ on one Sundj\ ftemoon violent bd m I t ip 
distenuon and inabihtx to mo c the lo\ el de eloped H a 
trended b\ j phi sic an t tw la then reterred to 
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although he x as still hea ilx mu cled and appe red h t 
health, c foun 1 a f r d nc d rc noma of the c I tl 
met St SIS 

But and it is to be cspcaall) regretted dclax is more fre 
nuentlx due to the phxsictan than to the patient Often the 
phxsician fails be earix ni I ler xmptoms The 
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Often the |,eneral practitioner suspects that a carcinoma 
ma> be present but distrusting his mv n diagnostic abilics re 
fers the panent for roenr<»enoIogic studj not realizing that 
emmovns of tl e pehic colon irerjrely delineated ly x rays 
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In about 10 per cent of pane Its c hi\e seen nitl cancer f 
the bo\ tl belo the f el ic bnm a neg ti\ c or mcorr ct di g 
n( SIS 1 ad de!a\ cd the leccssars operation for \ ecks or 
inenth (Fig 50^) 
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For the earl> recognition of carcinoma of the abdominal 
colon X ra> studies are of especial value They may be com 
promised however by the lack of experience and thorough 
ness of the roentgenologist Particularly mav roentgen exam 
ination be misleading if the examiner depends upon the studv 
of the films without manipulation of the colon under the 
fluoroscope The roentgen diagnosis of an intestinal carcin 
oma that does not exist or absence of carcinoma when one 
may be demonstrated by expert examination is not rare and 
indicates the need of thorough training and careful scrutinv 
of all possible findings before reaching a conclusion An error 
may be of little moment if ic does not delay needed opera 
tion as illustrated in the case of a patient whose roentgen 
diagnosis was cancer of the sigmoid The sigmoid proved to 
be unmvolvcd The cancer readiK diagnosed by the finger 
was m the lower rectum where it could not be seen on the 
film 

An occasional error is to give the barmvi by mouth when 
a lesion of the colon exists The banum fills the small bowel 
obscures the lesion in the colon and may precipitate or in 
tcnsify obstruction and even lead to rupture of the bowel 
A banum enema is sometimes given after barium by mouth 
which does not clanfv the problem or improve the patients 
condition 

Ca f II —A m n f f rtv four yevrs for s al week 1 d ex 
perienced I domm I cr mp after eating but had be n ad ised 
th t m n> duhs had s ch d sc nf tts and tb t he should ignore 
tl c 1 After n attempt to eat a full c ursc d oner symptoms of 
c n plctc ol str ct n d veloped a d 1 armm as g en I \ 

I V tl It ! geh filled tl nail int t nes ol curing anv d 
fe t pr ent in tl col n (Fig 510 ) A s cond entg nolog st 
then saw tl fiuiltvof barum cn a and could offer n solu 
t n s to the pr pcrative locat n f the ol stru t n hut s r 
ni d tl t the le on V as at the splenic flexu e On expl rati n 
n ann I g o th of the nght half of the tr n erse col n v a 
f und On \ ftmg i\ c gtc dv d tended ptoximal c Ion it burst 
fl d c tl I do nal ca It V th gre t quant t cs of f cal 
1 tcnal 11 i m c v d fl i It to cn o c f r I an ni erv s 
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tals immcd ately attach to the pet toneum A rapid Mikulicz 
rcsecti n was d nc and three doulle lumen suet on drams were 
inserted to anous parts of the ahdomen The lo er dra n under 
constant motor uction evaciiitc 1 fee 1 pirtide from the pelv is 
up tc the seventh di> 


More serious is an unncccssirv operation due to faults 
roentgen mterprctition There is a blind area in the lower 
sigmoid where at times carcinoma ma\ not be felt b) the 
finger reached b\ the | roctoscopc or in certain cases de 
lincated h\ roentgen examination and where positive s\mp 
toms ma\ rarelv jusiifv an cxploratorv operation 

In the diagnosis of cironoma of tie pelvic and tcrvnnal 
portions of tl e colon x rav has no place except to detect in 
V isi\ c or metastatic lesit ns of bone and lungs In this location 
as a rule the pnnnrv growth is easils felt and diagnosed by 
the finger or seen through the proctoscope \\ hen first seen 
about 98 per cent of these growths hive developed unmis 
nkablc clnracteristics of nnlignancv and diagnoses made 
from the tactile impressions received hv the trained examm 
mg finger arc least sub)ect to error ^\ hv bother w ith an un 
ccmin ind undependable roentgen rav silhouette m searching 
for something thu cm be dcfimtcK felt or clcuU seen 
through 1 proctoscope 

CvsT 111 —A n an f f rtv bid for f ir n onths a persistent 
I arrl ca v itl frequent 1 quid sto I conta ning bl od To chnu 
natc the p il I tv f carem im roentgen ludv afteralanun 
enema \ a ad t ed a d rep rtc I negati c f r catc no va The 
t ol wer then stud cd I actcric 1 gclU and the pat cm treate 1 
for three months w ith sulf nami Ics a d 1 actenal pr ducts Un 
rcl c\ cd he th n c n ulted a chm pnet r \ ho at once mtro 


Fg Jio-Vl M g d f r 
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m I fecal 
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I care m f ,ra 
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duced a finger in the rectum and dscoi 
inches above the anus 
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cancers of the rectum reached b> digital examination— c 
consider absolutel) dependable There is no type of ulcer 
that mimics it ith a small infiltrating plaque which repre 
sents the \ cr> rarely seen initial lesion of cancer of the bow el 
and with polypoid growths especially those without umbil 
ication and infiltration of the base a biopsy is necessary yet 
the biopsy may fail to sample the malignant stainable portion 
of the growth A biopsy improperly tal cn or with the his 
tologic appearance blurred by an inflammatory or degenera 
me process may lead one to mistake a carcinoma of the bowel 
for a benign process (Fig 511) We can report a number 
of such errors and the person who selected the bit of tissue 
removed ma\ be at fault rather than the pathologist 

Op t e Co > de af 

The surgeon as well as the specialist or general practitioner 
iiia\ be responsible for a dingcrous delay because he some 
times operates for a preoperame diagnostic finding rather 
than with nn open exploring mind He may overlook car 
cinoma of the colon in the curable stage unless he keenly 
evaluates the leading symptoms With any suggested dtagno 
SIS of piles fissure fistula diverticulitis and rectal stricture 
carcinoma should first be excluded For example in a patient 
now convalescent the colic was felt in the upper right ab 
dominal quadrant because the proximal transverse colon was 
contracting against ^ pamally obstructed descending colon 
The surgeon accepted the diagnosis of gallbladder disease 
and finding little evidence of i cholecystitis at operation did 
an intcrnil dninage of the gallbladder without relief Some 
weeks later the family physician felt the hard malignant mass 
in the descending colon In another case the surgeon refused 
to heed the family phy sician s suggestion that the upper rcc 
turn be examined carcfullv for cancer before he operated 
upon the o! \ lous hemorrhoid Tlic distress of another pa 
tient was referred to the pelvis the sigmoid being m spasm 
from an annular growth near the rectosigmoid junction but 
as a bimanual examination showed an enlarged uterus a hvs 
tcrcctomv was done without investigating the pelvic colon 
V fourth patient with pelvic di tress from a rectal carcinoma 
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had the relivation from childbirth corrected b> a vaginal 
plastic operation How helpful ir would be jf ever} biman 
iial examination were made also through the rectum' 

P irtial or covtpfete obstruction i.it} its assod ite i proxiiiul 
intestinal colic rarely occurs front carctnovn of tie Tit'll 
colon for the intestinal contents are liquid in tins area and 
the growth is rarclj of the annular consmetmg tvpe so com 
mon in the left half of the colon The mass and local discom 
fort ma> be interpreted as appendiceal and drainaf^c opera 
tions have been done leading to chronic malignant sinuses and 
fistulas 

It IS surprising that piiicnts vith evidence ( f only nioder 
ateh advanced cancer of the bowel are occasional!} advised 
that radical excision is < f no avail and that irradiation dec 
rrocoigiilatJ in and other rr ralh iniilcquare I ical desrnjcrivc 
measures be u cd (Fi<» JO?) Although wc htvc mentioned 
a number of di ign stic errors as a stimulus to earlier and more 
accurate recognition of this verv c mmon and dangerous 
disease it is evident that v car bv \ car mnlignancv f the large 
bo vcl IS being diagnosed earlier and i receiving more radical 
treatment in higher percentages of patients with a resulting 
increase in the number of cures With these marked general 
improv enicnts there has liccn a decided lag in the elimination 
of iinnecessanlv mutilativc procedures 

Colostomy w as an important operation in the dav v hen 
cancer of the b wel was considered irremov ibic It remains 
incorporated as an essential part of the most populir opera 
tif n performed upon the colon 1 he amis and funciional 
spUnct T arc sicrificed although entirclv free from the dis 
ease W c are I cguilcd bv such s iphistn as that c lostonn 
a c scntnl t( prevent recurrence tint the fcnticn cinnot 
otherwise be made radical and that at an\ ntc b\ nfdcrn 
methods col t« im has I cen n adc n t onlv bearable I ut 
comfortable c mcnieni and de ird Ic It is tnic that the old 
Kraskc and siniihr pcnncil operations ften left strerured 
and retracted perineal ipenings that ga e the patient much 
more annov ance than a vv ell made abd minal c< lo tomv 7*hc 
memorv of these unsatisfactorv operations doubtless has 
largclv colored the icv s of modem v rgcons it is n c re 
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ili/cd that uhen a good abdominal colostomy is moved to 
a sphincterless perineum it becomes a better and much more 
convenient < iirlet (hig SI ) Then in the imjonty of cases 
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had the relaxation from childbirth corrected b> a vaginal 
plastic operation How helpful it would be if e\er> biman 
uil cxaminatif n w ere made also through the rectum' 

Partial or complete obstruction 'Uith m issociated poxiviil 
intestinal colic rarely occurs from carcinoma of the n ht 
colon for the intestinal c« ntents arc liquid in this area and 
the growth is rarcl> of the annular cinstncting npe so com 
mon in the left half of the colon The mass and local discom 
fort may be interpreted as appendiceal and drainage opera 
tions have been done leading ro chronic malignant sinuses and 
fistulas 

It IS surprising tliat patients with evidence of only moder 
atcly advanced cancer t f the bov el arc occasionally advised 
that radical excision is tf nr avail and that irradiation elec 
tre coagulation and other totally inadequate local destructive 
measures be used (Fig 505) Xlchtugh v c have mentioned 
a number t f diign istic errors as i sti iiulu to earlier and more 
accurate recogniti n of this verv c inmon and dangerrus 
disease icisc idcnc that vcir bv year mnhgnancv of the large 
bov cl IS I eing diagnosed earlier and is receiving more radical 
treatment in higher percentages of patient \ ith a resulting 
increase in the numl er of cures U ith these marked general 
improvements there has been a decided lag in the elimination 
of unnecessarily mutihmc procedures 
Colostomy vas an imp rtant operation in the days when 
cancer of the bo icl v as const icred irremo able Jr remains 
mcorp rated as in e entnl part f the most popular pera 
ti m performed uj on the colon TTie anus and ftinctioml 
spl meter are sacrificed alth iigli cntirclv free from the dis 
case \\ e arc beguiled bv si cli iplii try x that col stomy 
IS essential to prevent recurrence that the operation cannot 
otherwise I e made rad cal and that at any rate by modern 
niethf ds col ist nn has been made n t only bearable but 
comfortal Ic c< nvcnient and dewrat Ic It i tnic that the old 
KraslvC and similar pcrinc I pcrati n ften left stnerured 
and retracted perineil ipenmgs that ga c the p« ent much 
more annoyance than a v II made al don nal coir toiny The 
mem ry of these ns-m factory operation doubtless h 
largely colored the i v f mr dem su gcons ic is nor re 
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ficient life c\pcctanc> ^vc have mide it a practice to remove 
the diseased segment of bowel without an abdominal colos 
rom\ even when it is impossible to remove ill adjacent malig 
nant or metistatic tissue If mctastisw to the liver are small 
or limited m extent and the patient is m fair condition a 
resection of the pnmarj growth without colostomy usually 
IS worth while The patients health improves after the re 
mov al of the necrotic and infected ulcer the abnormal dis 
charge and loss of bUiod cease and the physical improvement 
IS associated w ith much mental relief 
Colostomies performed for conditions other than carem 
oma of the large bowel also have been removed as m lym 
phogramiloma with removal of tbc diseased rectum and 
transplantation of the sigmoid colostomy to the perineum 
destruction of the rectum by roentgen ray and radium irradi 
ation for caremonn of tiie uterus the rcmiins of the rectum 
being removed and the sigmoid colostomv mobilized and 
brought through the anal sphincter congenital absence of the 
lower rectum and anus the pelvic colon entering the base of 
the bladder for which colostomv hid been performed soon 
after birth In this cisc it was necessary to disconnect the 
pelvic colon from the bhdJcr close the vesical fistula and 
transplant the pcKic colon to tlve perineum the two colos 
tomv openings were eliminated by end to end suture 

Occisinnillv after a pilliativc colostomy for an advanced 
cancer of slow cv oliitton of the rectum or sigmoid it is pos 
Slide to remove the diseased segment of b wcl and eliminate 
the colost my cither with an end to end anastomosis or trans 
fer nf the sigm id opening to the pcnncuni The patient is 
then rclicv cd t f the pnmarv necrotic ulcerating growth w ith 
Its iTcnivc discharge in I toxic olstructi n and diarrheal 
sv mptoms nnv not recur Mild irradiatif n may be used to 
retard the hmpbatic extension of the disease After such a 
resccti n mast mosis and elimination of a palliative colos 
tnmv one patient a pin sician appears and feels w cll and for 
cvcral m nth has been allc to operate and conduct his 
pritficc 

In recent \ cars the lo\ cst inortalvtv rates from ttscctvotv of 
the c< Ion ha\ c been reporte 1 1 \ surgeons w ho hav e become 
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ous amounts of offcnsnc gas requires less frequent etacua 
tive or other measures and in general is highh preferred to 
the abdominal colosroim To nMn> persons a colosromi is a 
senous handicap despite the impros ed methods of canng for 
intestinal elimination The transfer to the perineum remotes 
a bar to obtaining empIoAmcnt to the pnctice of a profes 
Sion to social intercourse and to marriage This is the testi 
mon\ ue hate accumulated from eighteen patients on whom 
we hate eliminated abdominal colostomies present from a 
few w ceks to founeen \ cars 

TREATMENT 

The ideal treamicnt of cancer of the colon and reeruen is 
radical extirpation tt ith restoration of the continuin of the 
bowel No artificial anus can be as efficient nor can equal the 
comfort of the natural mechanism Next in desirabilin is 
radical extirpation with a colosromv placed in the situation 
of the natural anus The talue of a method till be deter 
mined b> seteral factoR (1) low mianahn ( ) high rate 
of operabilits (3) the experience of the surgeon (4) com 
pleteness of excision and percentage of cures A one stage 
procedure has man> advantages and no \ ma\ be made as 
radical as and can be done v ith a mortalitj rhar comperes 
w ell with stage procedures 

Occasionallv a pjflatne colostomy is done because the 
pnmarj growth is considered ineradicable or because there is 
evidence of metastasis m the h cr or elsewhere belie c 
that a palbame colosromv should rarclv be done If the 
growxh IS so extensi e that the pitient his onlv a few remain 
ing w eeks to Iiv c i c lostomv adds a burden to all concerned 
with too 1 ttle benefit to compensate for such an offensive 
annov ance In such cases it is better to let the pat ent drift 
our w hile using a nonresidue dier and adequirc sedation 

There is a considerable percentage of growths ho ever 
in w hich a resection and anastomosi mav I c done The pa 
Dent relie ed of the obsrnictnn and \ ithour an abnormal 
abdominal opening mi lead a nea Iv nonml life for t o 
V eaR or more v ith rclati c comf rt he mav c cn resume his 
previous occupation In such eiscs provided there is a suf 
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With infusion spinal anesthesia becomes the safest of all 
anesthetics for intestinal surgery Lemmon s continuous spinal 
anesthesia Ins ndvantigcs for \crv prolonged operations but 
sometimes the needle will become obstructed or displaced 
from the dun in w Inch case one should continue w ith pento 
thal sodium intrat cnousl> and local anesthesia rather than to 
turn to ether or gas Tiic inhalation anesthetic causes strain 
tug gigging ind \omittng which mat force the intestines 
through the w ound and scnouslv interfere w ith the operation 

C I c Resect 

End to End Anastomosis Sincle Stace One Clamp 
\1eihoi) (Fig 513) —for resections of the colon abo\c the 
pcUis ( ur preference at the present time is for end to end 
anastomosis and complcmcnral appcndicosroim or enteros 
toms well proNimil to the anastomosis Following the desel 
ninent f nonirntating suction drains for the pentoneum 
(Fig 514) a satisfactory one clamp method of end to end 
imstomosis and the use of 6ne alloy steel wire intestinal 
suture the mornlitt of the end to end anastomosis of all 
pins of the ibdominil colon now compares favorably in our 
experience with the Paul Mikulicz evtenonzation procedure 
while the morbidity is much less The operation is possibly 
a little more dangerous m resection of the sigmoid and recto 
sigmoid but surely it is safer for the nght and transverse por 
turns of the colon where 1 modified Mikulicz procedure has 
given 1 mortihtv of If 6 per cent in expert hand From S’ 
recent cnnsccutiv c iscptic end to end anastomoses of the colon 
tlicrc were three Iciths or a mortality of 9 4 per cent 
One patient a man of seventv three years whose cecum 
w IS inv ol cd h«l siuldcnlv from reaction to the intrav cnous 
infusion of gluco c Prev loiisly he had show n alarming s\ mp 
toms dunng the glucose infusion The second patient had 
renal suppres ion hcmitiina and ileus without leakage or 
pentonins The third vcr\ obese and with advanced cancer 
f the lower igm id ha I necrosis of the proximal segment 
\ nh leakage Several f the pitiems who recovered were 
more than seventv an! one was eights five \cars old One 
Ind an assoaatcl resection of a cancerous stomach transverse 
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adept m a single stage operation Uc ha\e found the single 
stage procedure of adxantage e\en tthen it has been neces 
sary to resect m addition a portion of infiltrated bladder 
abdominal Mall the ureter stomach adjacent intestine vag 
ina or to remov c the uterus and appendages In recent ) cars 
It has not been found necessarv to compromise one of these 
prolonged complicated single stage operations because of 
shock or other unfavorable condition and in our experience 
none of the resectable patients have failed to react from the 
extensiv c operation 

ABDOMINOPERINEAL PROCTOSIGMOIDECTOMY 
For the acute and intense forms of obstruction v here there 
IS probabihtv that virulent lacreria have alreadv entered the 
peritoneal cavitv prebminan decompression b> cecostomv 
or appendicostom) should of course precede the radical 
iperatiOR 

A th s a 

Spinal anesthesia is used emploving 8 to P mg ponto 
came mixed vith 8 to P mg of procaine injected with 
barbotage thr lugh the first r second lumbar inter pace This 
gjv es 1 sarisfactorj anesthesia lasting from tvv o to three and 
one half hours 1 he upper part of the liodv should be elevated 
dunng the first ten n mutes of the anesthesia after vv hich it is 
depressed An associated local infiltrannn of the abdo nmal 
all with 1 0 to 00 cc I f I per cent procaine sf lution con 
taming 1 drop nf 1 1000 epinephrine solution t each 10 cc 
supplies a desirable fluid an 1 stimulus 
Should the spinal anesthetic ear off before the completion 
of the operation small am unts of 5 per cent penrothil 
sodium sufficient to cause a l^ht amnesia are given intravc 
nouslv combined with local and splanchnic anesthesia pro- 
duced bv additi nal quantities of the procaine cpinephnne 
solution 

The debil rated patient hould hi e a ncc He n a vein with 
constant drip infiisi n of saline and 5 per cent gl c e d ring 
the operation This also pro des a channel f r tl e prompt 
administration of blood pi sma and stimulants 
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were formerlj considered very hazardous but now we be 
Iteve It possible to obtain a superior result b> careful atten 
non to detail especiall> with elderly debilitated patients who 
often do not well withstand prolonged confinement m bed- 
and repeated operations 

The loop of cvicerous colon ts liberated with attached 
1 rironcil folds mesenterv and I>mphacics The arms of the 
loop wide of malignant tissue are aligned b> two lateral gu> 
sutures on each side and dnided between Payr or short clamps 
by cauier\ This lea\ es the distal and proximal ends of the 
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colon or ileum and colon crushed together in a single clamp 
which IS turned o\cr and two or three rows of scroserous 
sutures iiitr duced the uter nw being of interrupted No 
36 ill )\ \ ire sutures The chmp is then rotated back to its 
foniicr position and a contmurus Cushing suture of chromic 
catgut introduced anteriorly ot er the clamp As the clamp is 
partly opened and withdrawn this suture is tightened m 
icrting and closing the interior edges of the bowel without 
leakage One or two additional anterior outer rows of inter 
ruptc I sen erous sutures of No 36 illoi steel wire arc in 
sened c rrcsptndng to thrsc introduced on the postenor 
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colon and intermedute abscess a second a combined end m 
end resection of a tanceroiis jejunum and trans\crsc cilon 
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3 third a resection of nearK nine feet of ileum and colon for 
carcinoma originating in the ileuni Such one stage resections 
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were formerly considered very hazardous but now we be 
heve It possible to obtain a superior result b> careful atten 
non to detail especially with elderly debilitated patients who 
often do not well withstand prolonged confinement in bed 
and repeated operations 

Tlie loop of cwcerom colon ts liberated with attached 
nentaneal folds mesentery and Umphatics The arms of the 
loop wide of malignant tissue are aligned by two lateral guy 
sutures on each side and divided between Payr or short clamps 
b\ cauten This leav es the distal and proximal ends of the 
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colon or ileum and colon crushed together m a single clamp 
which 1 turned over and two or three rows of seroserous 
sutures introduced the outer row being of interrupted No 
36 al!o\ wire sutures The damp is then rotated back to its 
fonner position and a continuous Cushing suture of chromic 
catgut introduced anteriorly over the clamp As the clamp is 
partly opened and withdrawn this suture is tightened m 
\cnmg and closing the anterior edges of the bowel without 
leakage One or two additional antenor outer rows of inter 
rupted seroserous sutures of No 36 alloy steel \ ire are in 
sorted corresponding to those intr duced on the posterior 
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colon and intermediate tbsccss a second a combined end to 
end resection of a cincerons jejunum and transxcrse colon 
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a third a resection of ncarl> n ne feet of ileum and colon for 
carcinoma onginating m the ileum Such one stage resections 
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were formerlv considered very hazardous but now we be 
lie\ e It possible to obtain a superior result b> careful atten 
non to detail especiall> with elderly debibtated patients who 
often do not A\ell withstand prolonged confinement m bed 
and repeated operations 

Tlie loop of cancerous colon u liberated with attached 
n nt neal folds mesenter> and lymphatics The arms of the 
loop wide of malignant tissue are aligned bj two lateral guy- 
sutures on each side and dnided between Pay r or short clamps 
b\ cautery This leates the distal and proximal ends of the 
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cf Ion or ilcum and colon crushed together in a single clamp 
which is turned o er and two or three rows of seroserous 
sutures introduced the outer row being of interrupted No 
J6 all \ wire sutures The climp is then rotated back to its 
fonner position ind a continuous Qishmg suture of chromic 
catgut introduced anteriorly over the clamp As the clamp is 
partly opened and withdrawn this suture is tightened m 
verting and closing the anterior edges of the bowel wjthour 
leakage One or tw o additional antenor outer row s of inter 
rupted seroserous sutures of No 36 alIo\ steel wire arc m 
serted corrcsi onding to those introduced on the posterior 
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Side We use the fine tvire onneisally on pentoneal surfaces, 
for It docs not leid to peritoneal adhesions as does catgut or 
silk Care should be taken to use only viable bowel ends for 
the anastomosis to hav e the sutured surfaces denuded of all 
fat and carefuUv apposed so as to be absolutely gas and water 
tight and to make an associated complemental appendices 
tomy or enterostomy The Mikulicz operation as with any 
colostomy has a definite mortality from spreading py odemu 
and other complications and usualU ev en w hen a muscle 
sphtting incision is used leaves a weak area in the abdominal 
wall 

A four cJainp iiKthod facilitates the removal of the ileum 
uterus or other organ to which the cancerous colon has at 
tached Tv o short light clamps without handles are applied 
on each side of the bov el lateral to the growth and the colon 
divided bv cauterv between each pair of clamps This leaves 
the diseased intestinal $e<nnent clamped and attached to the 
uterus or other organ which then is removed or resected 
The small distal and proximal clamps on the bowel to be 
united are now apposed over a single Pa\ r clamp and burned 
off The end to end aseptic suture is then completed ov er the 
remaming Pay f clamp as described 

If 1 en the cancer hat imaded an adjtcent small intestinal 
loop It is usually feasible to fold the loop together and then 
apply -tw o Pay r or de Martel clamps obbquely across the base 
of tht small intestinal loop and the attached fi Id of omentum 
which are divided b\ cautery betv ceti the two clamps Lines 
of sutures are then placed below and abov e the clamp v hich 
also mclude the fold of omentum The clamp is removed as 
the upper ro of seroserous sutures is ti htened This is a 
simple rapid method for anastomosis and leav cs a large stoma 
A similar operation may be used when a cancer of the trans 
verse colon has imaded the stomach A<'ain adhes ons or other 
condition m iv render a combined eight cl mp double re 
section desirable Here the small and the large incestme are 
resected each w ith four clamps as previouslv desenbed 

In resections of tl e colon abo e the sigmoid melud ng th 
ileocecum one of us (U A\ B ) has for a number of years 
used only end to end anastomos s B apposing an obhque 
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section of the smaller ilcum to a transverse section of colon 
3 satisfactorv end to end union maj be made (Fig 513/2) 

A side to side anastomosis is i longer and more complicated 
operation the blind ends ma> become distended with fecal 
material and even open under reversed peristaltic pressure 
n bell the cancer has tnttded the anterior abdounnal nail 
this ma> be resected en bloc with the diseased segment of 
bowel Even when the colon has perforated into the abdom 
inal wall with the formation of a localized abscess the en 
bloc resection should be used if possible In one case a large 
carcinoma of the splenic flexure had perforated into the ab 
dominal wall had been drained for four months elsewhere 
ind then closed to recur three months later Even then it 
was possible to resect the transverse and descending colon 
with the large itnched segment of abdimmal wall enclosing 
the abscess and perform an end to end aseptic anastomosis 
between tbe proximal transverse colon and sigmoid over a 
single clamp without soiling (Fig 515) Pnmarv union foi 
lowed with the exception of a imnute and transient sinus 
While a c mplemental appendicostomy and enterostom) is 
less often required after resection of the right colon than of 
the left colon it will prove life saving in certain cases and 
at present is our routine practice 

P IP t t my 

Carcinoma of the anus and lower 4 cm of the rectum mav 
be remov ed b\ a radical pennea! proctectomv To reduce a 
possible pelvic contamination from leakage the rectum is 
first pad cd with gauze wet with a strong hypochlorite solu 
tion By opening the peritoneum from below it is usually 
j c s ib!e to bring d iw n and remo c at least a 7 cm margin of 
normal bowel above the growth and to form a penneal out 
let w ith viable bow el Not infrequently there is so much local 
infiltration that it is advisable to remote the posterior taginal 
nail or the semmal zestcles and a section of prostate also 
The end of the bowel is not sutured to the skm A rectal tube 
IS tied into the protruding portion a curv ed perforated glass 
dram left postemrlv along the hollow of the sacrum for 
f >rt> eight hours and the rest of the pelvic floor closed with 
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Side We use rhe fine wire oaiic/sal]} on pentoncal surfaces, 
for It does not lead to pentoneal adhesions as does cat|rut or 
Silk Care should be taken to n<c onl\ s lable bo\ el ends for 
the anastomosis to ha\e the sutured surfaces denuded of all 
fat and carefull) apposed so as to be absolutely ^ras and w ater 
tight and to make an associated complcmental appendices 
tomy or entcro5tom> The Mikulicz operation as with an\ 
colostomy has a defiute mortab^ from spreading pvodemia 
and other complications and usualls c\en when a muscle 
splitting incision is used leases i steak area m the abdominal 
wall 

A four clamp method facibtatcs the remos al of the ileum 
uterus or other organ to which the cancerous colon has at 
tached Tuo short light clamps snthout handles are applied 
on each side of the boss el lateral to the gross th and the colon 
divided b> cauterj betsscen each pair of clamps This leaves 
the diseased intestinal segment clamped and attached to the 
uterus or other organ which then is removed or resected 
The small distal and proximal clamps on the bowel to be 
united are noss apposed os er a single Pas r clamp and burned 
off The end to end aseptic suture is then completed os er the 
rcmaming Pa> r damp as dess.nbed 

11 hen tie ctPicet has uraded an adjacent small intestinal 
loop It is usually feasible to fold the looj together and then 
apply two Pajr or de Martel clamps obliquels across the base 
of the small intestinal loop and the attached fold of omentum 
vhich are divided bv cautciy between the two clamps Lines 
of sutures arc then placed bclo v and above the clamp which 
also incl ide the fold of mentum The clamp is removed as 
the upper ro of seroserous sutures is ti{ htened This is a 
simple rapid method for anastomosis and ka es a large stomi 
A similar operation may be used ss hen a cancer of the trans 
versccolonhasinsadedthcstomach Again dhcsiois r thcr 
condition nia) render a combntd cight-chmp d uUe rc 
section desirable Here the small and the large intestine arc 
resected each atb four damps as prcsi uslj desenbed 
In resections of tl e colon ahoxe the sigmoid including the 
ileocccum one of us (\\ R ) h s f r a nunber of >cars 
used onl) end to-end anastom cs B ppos ng an oblique 
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buned and superficial interrupted sutures of Nos 3"’ and 
35 alloy steel wire As n general rule the cocevx is not e\ 
cised The operation has a low momlity (about 4 per cent) 
and usually a short period of hospitalization but those with 
anal carcinoma often have metastasis to the inguinal 1> mph 
nodes usually diificult to control by operation or irradiation 
We have not seen metastasis to the inguinal nodes from intes 
tinal carcinoma dev eloping at higher lev els 
After the operation should there be any tendency for the 
perineal opemng to contract the patient is giv en a set of test 
tubes for daily home dilatation By completely cv a mating 
the colon every three days by irrigation or by a quicUy 
acting laxative and by maintaining an adequate opening the 
patient usually makes a satisfactory atl)ustment m two or 
three months so that troublesome soiling is rare In those with 
a tendency to diarrhea the daily administration of a pectin 
and kaolin mixture will usualh be followed bv more solid 
and manageable evacuations 

One Sta^« Abdom per neelOperat { rR t sgm dC re m 

In grow ths from the midrectum to the low er sigmoid a one 
stage abdominoperineal operation with preservation of the 
anus IS preferred 

The abdomen is opened through a left oblique incision 
3 cm above the inguinal ligament The lateral leaf of the 
mesosigmoid is freely divided wide of any malignant infiltra 
tion and the sigmoid with attached fat and mesosigmoid 
mobilized toward the midlmc In so doing the left ureter 
iliac and the left spermatic or ovarian vessel are exposed and 
the spermatic or ovarian vessels divided and ligated 

On the median side of the sigmoid well above the 
promontory of the sacrum the inferior mesentenc and the 
supenor hemorrhoidal vessels arc identified divided and 
doublv ligated It is essential that sufficient well vascularized 
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\\ uh the patient changed to the lithotomy position and the 
anus closed b> a strong purse stnng suture the pelvis is en 
tered through a curbed transverse incision between the anus 
and scrotum or anus and fourchette The incision curved an 
tenorh runs from one tuber ischii along the posterior scro 
tal margin to the other tuber Bcbw This curved anterior 
penneal incision is somewhat similar to that used bv Young 
for perineal proctectomy It docs not giv e as good access to 
structures lying bad of the rectum but is convenient for anv 
de ired resection of the prostate vesicles or posterior v aginal 
wall 

The sphincters are divided antenorlv where the muscle is 
thinnest and least important thcic nerve supply is not inter 
fercdvvith and while the resulting mechanism may not always 
be water tight it usually gives desirable warning of approach 
tng defecatirn and a voluntary control of solid fecal masses 
After incising the subcutaneous tissue the centnl tendon iS 
divided just postenot to the bulb and behind the tramversus 
pennei and the underlying tnmgular ligament The rectum 
IS retracted posteriorly and the recto urethralis muscle di 
vidcd along the urethra after locating the urethra by its re 
tention catheter The two layers of Denonvilhers fascia are 
divided under the urethra the penioneuin exposed lateral to 
the rectum and opened when all residual pentoneal attach 
ments to the rectum may easily be recognized and divided 
T) IV oil troublesome bleeding the prostate should not he 
disturbed unles it shows malignant invasion The dissection 
IS facilitated by the gauze pacbing tr st cl met tubing which 
w IS left in the rectov esical peritoneal space it the completion 
f the abd minal part of the iperation In w omen the lot se 
fittv areas posterior tc the transversus pennci and lateral to 
the rectum arc entered b\ blunt dissection close to the pubo 
coccygeus muscle the lower rectum and vaomy cautiously 
separated m the midhnc where the partition is adherent very 
thm and easily perfonted Above the lower segment there 
IS a loose cellular lav er betw een the rectum or v agina w Inch 
m\ readih le retracted to the peritoneum and Douglas 
pouch entered 

Anv id)accnt infiltrated tissue is divided w idc of the bow el 
Tier St ickinct c jvers on the chnipcd ends of sigmoid and 
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Sigmoid be liberated (P cm or 5 inches) to reach from the 
posterior pelvic bnnt through the perineum Occasionallv 
one or more of the sigmoid brjtiches require division to 
inobili/c the sif'moid loop sufHcientl} If necessary the lateral 
peritoneal leaflet of the descending colon is div ided and the 
bovv cl slid to n I \ er posinon \ labilitv is determined b\ 
< bserv mg pulsating arteries or by the character of the bleed 
mg when the small vessels on the surface of the bowel at the 
level of resection are incised The pentoneal incision is con 
tinued around the rmbt bnm of the pelvis and back, of the 
bladder and the fat and hmphatic tissues removed from the 
iliac V essels ureters and the hollow of the sacrum to the pelv ic 
floor Ligation of the divided middle hem rrhoidal vessels 
mat or mat not be neccssan If during the separation inlil 
trated tissue is encountered deep m the pelvis the dissection 
from the abdoniin il s de should be discontinued and the sepa 
ration completed later through the perineum 
The loop of rccfosiomoid having been liberated to the pehic 
floor and the mesosigmoid div ided w ell abov c the tumor ind 
am enlarged Ivmph nodes the liberated bowel mav be di 
V ided bv cauterv both abov e and below the tumor betw ecn 
two short clamps of the dc Martel tvpe and the diseased seg 
ment remo ed This reduces the bulk of tissue to be deliv ered 
through the perineum and particularly affords space for the 
formanon of a pelv ic diaphra^nn Stockinet tubing is ned on 
both the protimal and distal bo el ends hich arc placed on 
the floor of the pel is a pelvic dnphragm is formed of pen 
toneuni wnthoiit tens n constnction or suture of the sig 
mold and the abdomen closed 

If the loop of bov el is not excised ben cen clamps hov 
c cr 1 nbbon of f Ided gauze 1 meter long w hich is packed 
against the pelv ic floor and coccj t is tied about the loop of 
free btwel we)] above the grov th at the Jc el to be used 
f )r the perineal anus TI e abdominal w und is then do cd 
with buned laver sutures of N s JO and 3 allov steel 
vnre the subcutaneous fat v ith interrupted No 35 wire 
and the sk n vrch inrerniptcd sutures of No 35 ire and 
continii us No 38 al/ov steel arc The use of ire sutures 
and ligatures grcatlv reduces the incidence of vound infcc 
non m these operaoons 
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With the patient changed to the hthotomy position and the 
anus closed b> a strong, parse string suture the pelvis is en 
tered through a curved transverse incision benveen the anus 
and scrotum or anus and fourchette The masion curved an 
teriorlv runs from one tuber ischii along the postenot scro 
tal margin to the other tuber ischii This curved anterior 
penneal incision is somewhat similar to that used by ^ mng 
for penneal prociectomv It docs not give as good access to 
structures lying back of the rectum but is com ement for an> 
desired resection of the prostate vesicles or posterior vaginal 
wall 

The sphincters are divided antenorly where the muscle is 
thinnest and least important their nerve supply is not inter 
feredwith and while the resulting mechanism ma> notalwavs 
he w Iter tight it usualK gives desirable warning of approach 
ing defecation and a v oluntars control of solid fecal masses 
After incising the subcutaneous tissue the central tendon is 
divided )ust posterior to the bulb ind behind the transversus 
permci and the underlj mg triangular ligament The rectum 
IS retracted posteriori) and the recto urethralis muscle di 
V ided along the urethra after locating the urethra bv its re 
tention catheter The two layers of 'Denonvilliers fascia arc 
divided under the urethra the pentoneum exposed lateral to 
the rectum and opened when all residual pentoneil attach 
ments to the rectum mav easily be rccogni ed and divided 
To avoid troublesome bleeding the prostate should not be 
disturbed unless it shows malignant invasion The dissection 
IS facilitated bv die ga«7C picl mg < r sricl met tubing which 
was left in the rectovt ical pent meal spice it the completion 
«f the aid imnal pirt of the operation In women the hose 
fattv areas posterior to the transversus pennci and lateral to 
the rectum are entered bv blunt dissectu n dose t ) the pubo 
coccygeus muscle the lower rectum and vigint cautinusl) 
separated in the midlinc where the partition is adherent verj 
thin and easily pertorated Alove the lower segment there 
IS a loose cclluhr laver between the rectum or vagina which 
iiav rcadiK U tetneted to the peritoneum and Douirlas 
p JUch entered ^ 

^tn id|iccnt mfiltntcd tissue iidiiidcd u,dc of the bouel 
1 U 1 1 st( ckinei cut ers on the cliiupcd t„Js of stgmo, i and 
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rectum ire grasped through the pcntoneil opening and dc 
livered through the wound The distal end of the rectum is 
resected hs cauter\ between clamps just above the sphincters 
If the proximal end has not previous!) been divided this sec 
tion IS grasped bj a Paj r clamp passed from w ithout through 
the anus A second clamp is ^pphed just below the first and 
the sigmoid div ided betw ecn w ith the cauter) The first Pa) r 
clamp is then withdrawn through the anal nng with the 
proximal end of the sigmoid The penneal incision is dosed 
m lajers with interrupted wire sutures Unless the anal nng 
IS ver) loose about the sigmoid it is split antcnorl) to clini 
mate strangulation of the protruding segment of bowel which 
is not sutured A cuned perforated glass drain is inserted 
along the sacrum through a stab v ound at the side of the 
coccv’c to evacuate blood and scrum during the first forty 
eight hours Dressings ire applied and a rectal tube tied in the 
protruding sigmoid In slx to seven da>s when the bowel 
has become adherent v ithin the pel is the rectal tube and 
distal bow el sloughs off W hen the excess of sigmoid is burned 
off b) cauterj level with the penneum two or three days 
later a normal appearing functional anus connected wuh the 
sigmoid IS left These paaents arc often out of bed by the 
sLxth day after the operaaon and able to Icav c the hospital 
by the twelfth or fourteenth dav It has the advantage over 
the posterior procedure of leaving no intestinal spur and of 
conserwng the xnosc inipomnr parr of the sphincters 

The alternate inctj of of deIncry of tl e bo.^el through a 
posterior penneal incision docs not lea c as good an anal 
opening After completing the abdominal part of the opera 
tion the pitent is pheed in in exaggerated lithotomy posi 
non The anus is closed bv a strong purse string suture and 
covered by an aseptic gau c pad An incision is made m the 
midline from a po nt just postenor to the anus along the right 
side of the coccy'x This ncision is deepened through the 
pelvic floor to the giuze packing which is grasped and with 
drawn The attached loop of bowel s dchv ered through the 
penneum bv tract on and aided bv retractors the clan ped 
bov cl ends and the mil gnant secnon arc cased through 
the opening care being tak.cn not to disrupt cancerous tis 
sue The cleansed bov el is divided letween clamps just abo c 
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the sphincters and the anil ring and sphincters split pos 
tenorh m the inidime tnd the m ichdraw n sigmoid laid in the 
groove thus formed 

The anterior portion of the wound hut not the anus or 
sohmeters is unite I b> interrupted No 3 alloy steel vwre 
sutures and the o\erl>mg skin approximated with No 3J 
Wire A curved perforated glass dram is inserted posteriorh 
ilong the hollow of the sacrum The section of the bowel 
containing the cancer together with the attached fat and 
l\ mphatic tissue Ij ing well distal to the dressing is cut awav 
1 ’fi r rubber tube passed into the protruding loop of sig 
mold secured b\ a ligature of silk and additional occlusive 
dressings applied 

The terminal ligated sigtnoid with attached rectal tube 
sloughs off in five or si\ davs and anv protruding signnid i 
burned off to the level of the skin about the seventh or 
cii’lith day without anesthetic This method leaves the anus 
d lied fosten rlv and of kcvhrlc shape which in two 
months or more ma> be improved if desired b> turning for 
ward a U sln[ ed flap formed extcmallv along the po tenor 
cutaneous margins of the evposed sigmoid The sphincters 
penneal muscles and skin arc then united under the flap with 
interrupted v irc sutures If an anterior spur has formed where 
the sigmoid j ms the anus this should be split antenorlv and 
sutured before raising the U shaped flap of bowel 

RESULTS 

Over four hundred operanons have been done v ithout per 
manent colostomv Ninctv three per cent of the cases ha e 
been found to be rcsccial Ic 7 pet cent inoperable T vo hun 
dred and tw cl c w ere al d mint penneal rcsccti ns v ith per 
meal anus ach a recent noftaltv of 6 7 per cent Of 100 
patients traced after leaving the hospital 81 per cent li ed 
oneto five vears 38 per cent five to ten v cars andl9perccnt 
ten or more v ears 

BIBLIOCRAPHY 

B b V V\ VV Awp G 1 A m S g G 4 

Obn 7t «5 <0« ) W 



Sag I a f N h -i 
D emb 1942 Fhl d Iph h i b 


ISLET CELL ADENOMA OF THE PANCREAS 

WILLIAM H ERB MD FACS f 
EDWARDS DILLON MD FACPt 
d 

L KRAEER FERGUSON MD F A C S || 
INTRODUCTION 

Although Whipple m 1940 reported si\t> two surgical 
cures ot h> pogly cemia bv removal of islet tumors we con 
sider the condition sufficiently rare to w arrant the reporting 
of an additional case This is especuUv true m view of the 
fact that m ten unselected cases from the literature the time 
from onset of s>mptoms to attempted surgical cure was 3 6 
vcars varying from five months to twelve vears There has 
been a definite delav on the part of the clinician m referring 
these cases to the surgeon even vhen the diagnrsis has been 
fairlv definite For evample in our case there w as a dcIav of 
eight menths after dngnosis w is fiirlv \ cll estiblished This 
IS not without danger ns Frant? has rcprrtcd the hnding of 
twentv four of these tumors at autnpsv 


\ detailed review ol the litcmturc is not indicated as 
W hippie and Frantz indWrniacl have published excellent 
review articles on the sub|ei.t lltwever we propose to sum 
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the sphincters ind the anal ring and sphincters split ptw 
tenor!) in the niidlioe and the withdrawn sipmnid laid in the 
groove thus formed 

The anterior portion of the wound but not the anus or 
sohincters is united b\ mtemipted \o V allov steel wire 
sutures and the overJjing stin approvamated with No 3S 
wire A curved perforated glass dram is inserted postenorl) 
along the hollow of the sacrum The section of the bowel 
containing the cancer together with the attached fat and 
I) mphatic tissue Ij mg w cU distal to the dressing is cut aw av 
a 8 F rubber tube passed into the protruding loop of sig 
mold Secured hv i ligature of silk and additional occlusive 
dressings applied 

The terminal Iigarcd sigmoid with attached rectal tube 
sloughs off in five or six davs and am protruding sgm id i 
burned off to the level of the skin about rbc se enih or 
eighth da) without anesthetic This method leaves the anus 
diviled posten rl\ and of kevholc shape \ hich in l\ f> 
months or more ma> be imj roved if desired by turning for 
w ard a C shaped flap formed extcnialN along the posten ir 
cutaneous margins of the exposed sigmoid The sphincters 
penned muscles and skin ire then united under the flap with 
1 irerrupred w ire sutures If an anterior spur has formed where 
the s gmoid )oins the anus this should be split antenorlv and 
s tured before raising the V shaped flap of bowel 

RESULTS 

O er four hu idrcd operations have been d newithoutpcr 
manent colostomv Nmet three per cent of the cases have 
been found to be rcsecrab/c 7 per cent inoperable T\ohvn 
deed and tw el e etc abdominoperineal resections v ith per 
meal anus vmh a recent mortalitv of 6 7 per cent Of 100 
patients traced after lea mg the hospital 81 per cent li cd 
onetofi eve rs 38 per cent five to ten \ ears and 19 percent 
ten or more years 
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attacks 0£ se\enteen patients with the essential tnid of 
s> mptoms mentioned operated upon by "W hippie person 
ally fifteen had islet tumors The total number of tumors re 
moved was nineteen as two were found in each of four cases 
Of the seventeen patients one with carcinomv died on the 
fifth dav of a pneumonia and one with adenoma died of a 
thyroid storm In the thirteen tumor cases followed one pa 
tient died twenty nine months later of a duodenal hetnor 
rhage Twelve patients followed from four to seventv one 
months have all been free of h\ poglvcemic attacks since re 
moval of their tumors 

Delay in surgical exploration is probably due to the none 
too brilliant results when no tumor is found at operation to 
account for the hvpoghccmia These cases present a real 
problem to the operating surgeon as to whether he should 
attempt a subtotal resection of the pancreas It is generally 
accepted that partial resection IS of no av ail David ctllected 
eighteen cases of partial resection with four deaths and eight 
showing no improvement whereas in seventeen cases rf sub 
tftal resection onlv four showed no improvement and there 
was onlv one death 

CASE REPORT 

H ♦ y 

The patient O S a white male thirty eight vears of age 
was first admitted to Doctvr Dillons service at the Philadel 
phia General Hospital on November 1940 His past med 
ical and social historv was not significant and he was per 
fectlv well until eighteen months before admission At that 
nme he \ as accustomed to going to work without eating 
anv breakfast hile he was riding to work he would sud 
deni) hav e clonic mov ements of both arms and then of the 
neck and if he attempted to get up he would fall to the 
floor These attacks would be accompanied by sweating 
vv hich vv as heav lest on the face but occurred from the mid 
chest upward The attacks had a short prodromal penod 
during which time he had a funm sensation in his stom 
ach WTien he fell dunng attacks consciousness w as not lost 
but he was unvble to speak After having the first few at 
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manze bneflj the histor\ and to discuss some of the prob 
lems of h\ po<Tl\ cemij 

Shortlj after the discoten of insulin Seale Hams in 19’4 
postulated the possibilitx of h> pcnnsulimsm "Wilder and his 
cclljborators m 19 7 reported a case of carcinoma of the 
islets Mich metastases to the liver exhaustive laboratorv 
studies V c e nude Thev were able to isolate as much as 40 
units of insulin from 100 gm of the tumor Hr vv land Camp 
bell Maltbv and Robinson in 19 9 reported the first surgical 
cure follov in" the removal of an islet adenoma b> Roscoe 
Graham A follov up article m 1919 reported that the pa 
went with this onoinal cure was stdl without sv mpfoms 

D g 

The diagnosis of islet adenoma is based upon a character 
Stic mad tf svnipcons (Whipple) (l) attacks of insulin 
shock however ni rufested coming on dunng the fastin" or 
overfatigued stue ( ) associated bio d sugar read n"S of 50 
ni" per 100 cc or less dum " the attacks and (5) relief of 
the shod j romptU follow mg the in®csuon of glucose These 
patients as a result of hi^h carbohvdrate intake in order to 
ward off attacks usuall> gam v ei^ht Other causes of hviio- 
glvccmia such as diseases of the pituiurv adren Is thvroid 
and liv er nrc not hkeh to j reduce the profound de^rte of 
hv po"lv ceniia comn onlv found v hen a tumor of the islets 
is present 

P 1 gy 

The gre t mt|oniv of the islet tumors are microscop calk 
and chnicaJh ben "n Fmntz collected a senes of ninetv six 
of vhich sev nev were con dered bcn"n t entv one were 
suspected of b n" nihfl’nanc and five were definitek malig 
nant v ith metastases 

R It f Op ♦ 

Whipple reports th rt cn deaths n cightv t o cases or a 
mortolitv of IC per tent Of the s tv nine r ported surv vors 
five died vithin sx m ths of arcino na of i let tissue w th 
metjstasts and snt t o a ere cure I of their ht pogli ctmic 
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the low \ ariet\ rather than the high plateau t> pe Blood sugar 
readings taken it various times dunng the dav were never 
above 79 mg Dunng this tunc he had twelve shocks with 
blood sugar values ranging between ’6 mg and 47 mg per 
100 cc but gcnerallj occurring when the sugar reached 37 
mg per 100 cc His diet varied from protein 60 gm fat 80 
gm and carbohydrate PO gtn to protein 170 gm fat 
130 gm and carbohydrate PO gm without any apparent 
influence on the number of shocks 
Except for a pathological high excretion of chlondes the 
laborUory tests were cssentiilly negative as the following 
reports testify 


Blood count 

Erythrocyte 4 380000 
Hemoglobin 16 gm per lOO cc of blood 
\\ hite blood cells P ’00 
P Kmorphonuclcars 79 
Ly mphocy tes 19 
Trans tionats 1 
Eos nophils 1 
Wassermann test negat c 
Liver tests 

Cholesteril 248 mg per lOO cc of blood 
Cholesterol e ters, I I mg per 100 cc of bio d— 49 per 
C nt 

Van den Bergh indirect negative 
Ictcru index 10 
Br m ifalein test no retenuon 
1 1 spl case 2 units 

1 1 sph riis 4 5 n g per 100 cc of blood 
H ppun acid 2 6 gm f benzoic c d 
Gr h m Cole test n rmallv functiining galllladder 
P tint ry neu ol g»c 1 c an nation neg ti c 
\ rav of skull ll norm I m shape size and outline 
\ I ual field nd cy egiounds normal 
TI ro d basal metal 1 c rate plus no cnl rgement 
Pancreas sugars a reported bl od 1 pasc 3 2 cc 
' 0 OH amvl c 79 
Adrtn 1 

nio d chi dcs S85 mg per lOO cc 
I tion 1-S40mg -tIOnig 3-819 mg 
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facJvS lie consulfcd his doctor w ho adi ised him to eat break 
fast ind t( cjrr\ sugar with him ami cat it in case rf shock 
No further shod s ocLurred in the mornings but occasion 
alh he w nild hj\c pmfnse sseats and weakness at abjuc 
rw r r r three n clock in the mormnt' the c \ ere rehei cd bi 
suf^ar ingcsnon \\ hen the patient was not working he ha 1 
no shocks 

Because he ontinued to have occasional shocks often 
occurring after Jnrd phvsieaj labor be was rcfcrreii to an 
other hospital where he was obsened periodical!) but si 
fai IS he knf ws no studies were made to dercmiine the eti 
ologv ( f his h\ pogh cemn 

About four weeks before his first admission the patient 
bes'an ha\ ing b cks about four o clock almost c erv after 
noon despite fnirlv hcavv sugar ingestion Four dajs before 
admission he had a severe shock and fell to the floor this was 
his last before admission llis dietarv intake had been heavv 
const ting of a large breakfast cake and 1 cverage at 10 s M 
lunch at noon icc cream nnd cikc at J p m supper and then 
something before he went to bed In addition he had been 
caking three heapin<» teaspoonful of sugar m water fi e or 
SL\ times a dt\ and he alwavs earned lumps of sugar with 
him I Ic gamed about 40 pounds under this regimen w eigh 
mg 195 pounds on adm ssion 

Ex m t 

The patient had no complaints of pain no headaches and 
no V enigo He stated that at about 6 30 to 7 p m his v ision 
frcqucntlv became blurred whic reading A decrease in 
hbido for rhe past n o vears had been his on}\ other 
s> mptom 

Ph}Sical examination was esentnUv nc«'ati c His pulse 
v-aned between 70 and 100 dunng his stav in the hospital 
from November ’J ] 940 to Januarj 9 1941 Blood pres 
sure in mm of mercun was 1 4 sv stoic and 80 diastolic 
The impression gi en at this nme vas sponcane us h>po 
glv ccmia of unkno n enolog) 

The patients fasting blood sug rvalues aned ben cen 50 
and 75 mg glucose tolerance curve vas of 
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The pitients condition -was excellent throughout the op 
eration and remained so on his return to the ward For the 
first thirty six hours he was given fluids parenterally there 
after he received food bj mouth The blood sugar during 
the period of intravenous infusions was "^OO mg per 100 cc 
but on the third postoperative di> fasting blood sugar was 
113 mg and vaned between that and 84 mg dunng the next 
fifteen da>s The wound healed b\ pnmarv intention The 
patient was discharged from the hospital on August 9 1941 
and has remained well until August '*0 194 on which date 
he was discharged from Metabohe Clinic and given a note 
saying he was well enough for service m the armed forces of 
the United States 


Pathologic report bv Dc H M Dixon. An oval shaped 
slightly lobul ted structure measur og 3 5 by 2 5 by 2 3 cm It 
s c vered with a thin smooth laver of connective tissue c cept 
on one side w here on chc cut surface a sm !1 amount of dark 
gray pancreatic t sue is seen The other surfaces are d rk red 
dish purple ith a few strands of d p se tissue n some places 
The gener 1 cons stenev of the spec men i somew hat cy st c but 
secti nng eveals no cvstic teas and res stance to cutting s 
re) tiv Iv sight The cot su face shov s a nm of dark red tissue 
surr u d ng a well defined n nbulg g uniformh reddish gr v 
0 1 shaped area 2 cm m length and I cm in d meter at the 
\i idcst po nt The cons siency of this p rtion s appro match 
the s me as that of the surrounding tissue Secti ns t ken 
th ough the midport on of the spec men i clud ng e ch s de 
ho a narrow r m of comp essed pancr attc t s ue s parated 
fr m a central mass of cells bv a th n lay r of c nnect ve t ssue 
These cells are rr nged in small slatid of rregular sire that 
ire sep rated from one another by a del cate connective tissu 


net \ ork conta n ng numerous thin all d v s ular spaces Th 
ells arc round and polvhedr 1 co tarn a c nsidc able amo nt 
f gr nular nonvacuolat d pale p nk lamng cytoplasm and 
ha e fai 1\ large r und and somev hat ov al haped n cl that 
for th most part arc deepK stained bv the hematoxv 1 n No 
lefimte n t tic figures e seen The app ent enc psulati n nd 
g n r 1 inf n t\ of th cells a d nucle ould ndcate a le 
ngi tvpc of t r a d f on the g oss appearance it would 
ec n that it h d I cen ent rely lemo ed 

DiJvrosis \denoma f islet tissue of the pancreas 
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Excretion aga n 1-398 rng 2- ’0 mg 3-688 mg 
Flat pi t of abdomen sh \ ed tjdne\ s n rnial m s zc and 
no dcfin ce calcifi tion in the region of the adrenals 
Lumb r spine and bones of pel is normal 

C fv t V Th py 

Because of the abnormahr} in chloride excretion the pa 
tienr xias dischariged on tnal of high chlonde intake and 
cortin Following discharge on a diet of protein 170 gm fat 
130 gm carbohjdrate I 0 gm and cortin he was well for 
SIX w eehs Shocks graduall> began again occurnng once or 
twice a week The patient was finall\ readmitted for cxplor 
aton laparofoim on Juh IS 1941 The onh change noted 
was a nse m blood pressure to 14’ sxstolic and 78 diastolic 

Op at 

On July 2’ 1941 exploration was performed under con 
tinuous spinal anesthesia n irh a t enoch sis of S per cent glu 
cose running simultaneous!} A trans\ersc incision was made 
about inches abo\ e the umbilicus Both rectus muscles w ere 
dn idcd transt erseh The lesser peritoneal ca\ it\ w as entered 
through the gastrocobc omentuin The bod> and tail of the 
pancreas w ere readil} exposed and no rumor could be seen 
or palpated m it The head of the pancreas w as then palpated 
and an indefimte cxstlikc mass was felt Tins x'as exposed 
b> cutting the pentoneum and reflecting the duodenum niesi 
alh A mass could be seen and felt m the head of the pan 
creas but no txpical islet tumor appeared llowcicr on m 
cising the head of the pancreas t definite circu nsenbed 
ceddi h purple adenoma was exposed x hich could be readih 
differentiated and shelled our as easilv as a lipoma The cx 
posure obtained b) this incision xxas excellent and made the 
procedure rather s mple Silk was used in 1 gating the xessels 
m the pancreas Catgut xias used in closing the gastrocolc 
omentum and m replacing the duodenum The pentoneum 
and postenor rectus sheath x ere closed w ith interrupted 
sutures of catgut The anterior rectus sheath x as dosed w ith 
wire and tension sutures of xirc and the skin was closed 
with clips No drains i ere inserted 
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terized b> a purplish pink nodule I to ’ cm in diameter 
usually standing out disnncth from the whiter pancreatic 
tissue and covered with fine vessels which bleed easily but 
ate readilv ligated The adenoma is usually encapsulated and 
IS shelled out without difficultv after the small vessels have 
been ligated with the finest of sUk ligatures 
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In our case as m num others in the literature the adenoma 
was ntt on the surface of the gland The pancreas covenng 
th ideni mn w as normal m appearance and onlv after split 
ting thi normal veilving tissue did the tvpical adenoma 
present it clf 

If nc aden myiv is fi c \crcd starch should be mvdc { r 
then. If n adenoma r adenomita arc seen on the anterior 
surface the jancrevs sh uld Ic ni hilired bv incising its in 
fenor pcntoncal attichment and gcntlv elevated inspected 
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SURGICAL THERAPY 

\MiippIe has otuhncd a course of therapj which contains 
tile practical facts essential to the practicing surgeon so that 
w e feel justified in repeating it here almost s erbatim e also 
wish to add seicral minor suggestions which we feel will 
contribute to the smooth handling of these cases 

After the diagnosis of chronic h>pogl\cemu is estab 
lished and hepatic and pituitars causes have been ruled out 
the patient should ha\c a course of medical theraps of three 
to four weeks to determine the response of the rndwiduat to 
conservative measures If it is found that the blood sugar 
\ alues are continuing to remain low and that the seizures are 
c( ntrolled onK on a high carbohv drate intake an esplor 
aton celiotoniv is indicated 

A^'hlpple su gcscs spinal anesthesia because complete relas 
ation IS essential U c feel that this should be modified to Lem 
mens continuous spinil technic This gives the surgeon ade 
quate leisure for a thorough and complete eTposure of the 
pancreas 

Gucrr\ and McCutcheon found that atropine lowered 
the blood sugar rapidh in one case of h\ pogI\ cemia U e 
mention it here in icv of its almost univ ersal use m preop 
crati e h\ podermics and recommend that it be definilelv in 
cerdicted 

A w ide transv erse incision including both recti provides 
bv far the best approach A left split rectus fails in the 
majontv of cases to give adequate eeposurc A wide divisi n 
of ihe gastrocolic omentum e poses the entire pancreas to 
mspectu n and pilpation— head hodv and tail 
"nils V e feel is not qii tc adequate as \\ hippie s four cases 
of subtotal resection of the pancreas in which he later found 
adenomas in the head cicariv indicate Fiftv per cent of the 
fourteen rumors nussed at first opention ccurred in the 
head Funher exposure of the head is best accomplished bv 
mobdizmg the duodenum bv inci ing the peritoneum lateral 
to It This IS shovn clcarlv m the accompanvmg d agram 
(Fig 516) E ploraii n of the pancreas b> palpation v ith 
out exposing the gland is ment oned onlv to be condemned 
The t\ pical gross appearance of the adenoma is charac 
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do he would ligate the splenic artery because of the diffi 
cult> m dealing with the bleeding of its branches going into 
the pancreas Doctor Thomason did this which of course 



necessitated a splcncctonn as well but the ligiticn of the 
splenic iner\ rendered the operation practicalK bloodless 
and the mcchiTucil leaturcs \erc greatU simplified He re 
m )\c 1 the tail an 1 1 d\ excising the pancreas with a Pcrc\ 
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and palpated on its posrenor aspect Hemorrhage is most apt 
to occur around the head 

Adenomata are most frequently found in the tail and 
body and should be looked for m these areas first 
As suggested aboye ue behete the most satisfaewn re 
suits yynll be obtained in complete exposure of the yyhole 
gland in all cases 

GL UCOSE tqi.t:hance curv es 


Blood Su^ 



If no adenoma or adenrm ta can be seen or felt the next 
most cffectiye nieasurc is tl e remoyal of at least two third 
of the pancrcas-that is the ta I and body —lea mg the por 
non of the head in the curyaturc of the duodenum D ct r 
Th miason in a pen ml con municat on say s that in hi < p 
eration he foil y cd the suggciion f O ctor Eniil 1 1 Iman 
of San Fnncisco he st ted that f he had anotf cr ca c to 
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do he would ligate the splenic artery because of the difB 
culty m dealing with the bleeding of its branches going into 
the pancreas Doctor Thomason did this which of course 



necessititcd a splencctinu as veil but the ligati in of the 
splenic arten rendered the operation practicilK bloodless 
ind the mechanical features \ ere greath iinphficd lie re 
mo\ cd the tail and Ik dv cxasing the p incrcas w ith a Pcrc\ 
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cautery scaring the end \er) thoroughly A Penrose drain 
Mas used but there Mas no discharge and the patient made 
an absolutely uninterrupted rcco\er\ Mith primary wound 
healing 

A dram should be placed down to the bed of the pan 
crcas if the organ is resected to proiidc for oozing or a 
leakage of pancreatic juice As a rule the site of an cnucle 
ated adenoma docs not hate to be drained 

Silk tcchmc usm" the finest grade of silk for ligatures 
of small \csscls and a slightK liciMcr grade for the larger 
tesscis and the rectus sheaths has given us perfect wound 
repair TTie silk in the rectus sheath mav I c replaced by fine 
alloy steel wire 

Guerrv and McCutchcon report an instance of death on 
the fable presumabh from hvpoglicentia It is o«r ewstom 
to give a continuous mtravemus infusion of 5 or 10 percent 
glucose throughout all major procedures under continuous 
spinal anesthesia and because of reporte 1 / nlity wc wish 
especially to emphasize the value of this procedure 

SUMMARY 

Another successful case of removal of an islet adenoma his 
been reported 

Three suggestions have been offered m addition to W hip 
pies excellent outline f surgical ihcnpv (1) the use of 
continuous spinal anesthesia ( ) this should be supplemented 
by a continuous vcnoclvsis of 5 or 10 per cent glucose (3) 
the head of the pancreas sh )uld be exposed by mobihang 
the duodenum and rotating it to ard the left side b\ incising 
the pentoncum between it and the liver 

Emphasis has been placed on thorough c ploranon of the 
pancreas including the head b\ direct vi ion is well as pal 
pation in all cases of su peered h\ pcnnsulmism 

Attention has been cillcl t> the dchy in int,no ng these 
cases and also t the hcsirantv on the pirt of dm cian m 
referring them f r openti n c cn after li n s i estab 
lished Repe rts of death incise in hich n | crane n as 
performed w arrant carlv surterv 
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PANCREATIC CYST REPORT OF FIVE CASES 

THOMAS A JOHNSON MO FACPf 
d 

WALTER E LEE MO F A C S t 
Archibald AND Kaufman divide pancreatic c>sts into four 
groups 

1 Adenocystoma True pancreatc cj-scs lined with cuboidal 

cp thelium Usually ferments are absent in the cystic 
f^uid 

2 Retention tysxs The result of obstruction of one of the 

smaller pancreat c ducts doc to calculi rumor or scar 
t ssue Recent n cysts are small and arc associated \ th 
intenciTi 1 pancreatitis 

J Besencrat te cysts The end results of local wd acute pan 
creatic necross jth softcnm*' and cystic t ansforma 
tion f the destroved pancreatic tissue Degenerative 
cysts occur within the substance of the pancreas 
4 Ps udocysts Etiologcally and morphologic lly similar to 
degener t vc cysts but occurr ng outside the ma n body 
of pancreatic s bstance usually in the lesser periton al 
sac Thev mav conta n bl od nflamm tory e udate 
and small amounts of panercat c fluid 


For purposes of orientation Fig 519 from an article by 
Case illustntcs the usual roentgenologic aspects of these pan 
creatic evsts ami Fig 5'*0 (also from Case) shows the lela 
turn of pancreatic cv sts to the abdominal \ isccra 
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W e are reponing the clinical features of fi\ c cases 
creanc cast (bsened at the Graduate H snral in t 



r g J 0 -SV ! 1 e h 1 f p > t h b 
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at operation In the acc nij am mg tabulation the salient fea 
turcs ire summarize I 

The rocntgcnolofTic \ cn ttions w ere made b\ Dt At 
thur Finkclstcm 
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Cate I 

H C /cn I< TJicpaJtutfd al hisrort as ureJe anr etc pc 
for pstniptomjtic minimal tuberculous lesions at both lung 
ap ces 

The nset of the present c ropln t began th three i laied 
attacks of moderateh acute ep gastric pain s t months ne 
month and ni o ecks pnor to admn on Each attack lasted one 
to three das s and s as ssoci ted x ith nau ca and om t ng After 
the third acr ck si ghc d tress pers t d for bout one cek 
F od insfcsti in caused s m? epigastr c diseomf rt tl cref re the 
patent restreted her det and her cghi d creased fr m 139 
p ind to 1 7 p unds Apart from moderate const p t on c 
trolled bs proprict r\ la ti es the pat ent had n oth r con 
pla nts 

The ph\sc 1 e ninat n as negat e e cepr f r the pres 
cncc of a lemon s zed hard sm orb mass n th left cpga tr un 
\h ch descended with inspiraa n and ^ a 1 ghth tende 

P ennren 1 gic c aminat n of the si m ch d cl d a c 
e\ fill ng defect alone the g cater ctirs turc of the stem ch at 
Its n idpomon app tenth pr d ced b> a c tr n c m ss pro! 
al I f the n nire of a p creat c> i ar ng m the ta 1 of th 
p ncreas, or c “st of the t esent rx Th pros mal j jun m d s 
tal to the fu dcno/ei al fl ti r ppean c mp cs cd I \ an x 
tnnsic miss (Fig 5 1) 
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The following operatnc oote was made b> Dr Lee Un 
dcr spinal anesthesia the abdomen was opened through a left 
rectus incision and we could feel the tumor m the lesser per 
itoneal cavitv before we dmded the gastrocolic omentutii 
The stomach was not involved m an> wav there was no 
glandular involvement of anv Lind and the tumor was cir 



cumsenbed almost circular in shape and ab^ut 4 inches m 
Its greatest diameter \\c were able to separate the duode 
mini to w hicli it w as tightl> adherent for its entire length 
and wc found that the tumor occupied me half of the bodj 
( f the pincrcis ind nil of the tail and it was decided to enu 
ticuc It rather ihm to dnin it c \ ere able to free it 
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Cai« I 

H C fem Ic The past m die I h tor> as irrele ant e cept 
for asvTupromac c m rum I tuberculous lesro s at both Iwg 
ap s 

The onset of the present omplamr beg n % leh three isol ted 
attacks of moderately acute cpgastnc pain s« months one 
m th and n o \ eeks pn r to admits n Each art cL. lasted one 
t three da) s nd a as a oc ted ith nausea and a om ting After 
the third attack 1 ght distress persisted for ab ut ne eek 
Food ingest n caused me cp ga tr c discomfort, therefore th 
pat nc r tneted hrdetadhr e"ht deer sed from 1J9 
p unds to 1 7 pounds Ap rt from moderat con tipat n c n 
troll d b) propr ct r\ latat cs the pat ent had no ther c m 
plaints 

The ph) sical e minat on as neg t e cept for th p es 
cnce of lem n sized h rd, sm oth m s m th left cp gastnum 
ih ch de cend d Aiith nspiratio nd asslghth tender 

R cntgenol g c xam ntnofthstmhd I da on 
A ex fill ng def ct al ng the g atcr c rvatu of the st mach at 
Its m dport on, apparemU pr d ced b n c tnns m ss. p I 
bU of the natu f a p ncreat c cyst n ng n the ta I of the 
p n reas, or a ca st f th mesent ta Th pr ml jejunum d s 
tal t the d oden j jun 1 fleru c ppear c mpress d b\ a x 
tr ns c mass (Fg 521) 
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The origin of this c> st is uncertain The pathologic report 
suggests that \'c ^^cre dealing with a true cyst lined with 
epithelium 

C e 11 

M D female The past medical history s as irreletant e cept 
for the remoial of an acutely mflamed appendix seven years 
prior to the present hospital admission At the time of her initial 
visit the patient described the following complaints (1) a tend 
enc> for the abdomen to become dscended with gas mtermt 
tently for the past fi e years (2) for the past two months 
t,cnefal(zed abdominal pain rad ating to the back coming on 
initially after meals and later bee ming almost constant (3) 
loss of weight from 107 to 90 pounds m the past year The 
weight loss began I efore the onset of anorexia (4) anorexia 
(3) very slight consripaii n 

Apart from obvii us evidence of malnutrition and weight loss 
n physical examination Dr BocI u noted the following (1) 
a palp I le mas in the left epigastrium descending belo the 
rib marg n ith inspiration to the left of the xiphoid cartilage 
laterally to the nudelav cul r line (2) a deep mass posteriorly 
in the region of the left kidney (3) a mass encroach ng on the 
rectal lumen itom the region of the cerv (4) a palpable spleen 
Apart from a me derate secondary anemii the following 
studies were normal Wasemann set m bilirubin blood sugar 
(90 mg per 100 cc f bl od) unne fract onal gastric analysis 
IV o serum I pa c determ nations sere n rmal Bromsulfdein 
( mg d sc) 10 per cent retention in thirty minutes The stool 
sh ed a 4*4 reaction for occult blood (Gregersen) 

Roentgen 1 gc cxaminat m pm r t hospit hration showed 
a lie negative defect thr ughout th body of the tomach 
\\h ch was I cl c cd to be due t th ffcct f an c tr ga trie 
mass Intra eon ur sjraphv was neg tec cept f r e idence 
of som defcnntv n the outi ne t f th unnarv I ladder evi 
dc tlv d e to extr ns c pres urc bv the uterus 

Dr Lee performed a laparoiomv and found a generalized 
carcinomatosis of the abdomen A definite tumor mass cn 
croached on the greater curvature of the stomach but the 
tumor had spread w ulelv into the peritoneal tissues and there 
w ere small masses of mcrasratjc tissue in tlic v isceni and pan 
ctal pcntoncum \ cv Stic mm in the pancreas w as punctured 
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from the end of the tad (its left edge) and on its inferior 
surface and from the deeper tissues The splenic vein was 
unusuallj large and we had some difficult) controlling the 
bleeding from this vein However lateral sutures accom 
plished this and then we cut the pancreas across at about the 
junction of the right third with the middle third The cut 
surface of the pancreas was ligated with multiple chromic 
catgut sutures At the close of this procedure the wound was 
perfecrlj drj and we pi iced a rubber dam dram into the 
cavit) and brought it out through a stab wound in the left 
flank This was necessarv because in order to expose the 
splemc vein adequatelv we cut the cjst avvav and left a 
small portion of the cjst wall attached to the splenic vein 
rather than tr> to isolate n complctel) and further injure the 
wall of the vein as we had done at the tail The laparotom> 
wound was dosed bj continuous sutures The skin and sub 
cutaneous tissues v ere approximated b) vertical mattress su 
cures of blaci sill 

Postopcrativelv the patient did well The drainage from 
the site of the tumor graduall} subsided and the pitient vtas 
d scharged twent) four davs after operation 
The microscopic examination of the cjst vail as reported 
b> Dr E- A Case follows The cjw v all is fibre us and in 
this fairlj dense tissue there are a number of islands of pancre 
itic tissue The cells of the islands are granular some are v acu 
dated and in areas groups of cells arc necrotic The cells are 
more widclv separated than usual The evst lining has e i 
denth been epithel al but thi ep thelium is mostlj de 
stroj ed 

At no time during her hospitalization did the patient si o v 
anv alteration in her I lood chemistrv Preoperati e and post 
opentive fasting blood s gar determinations vere 87 and 8 
mg per 100 c of blood Eight dav poscopcrari elv the 
serum lipase is I cc f twentieth nonnal sodii m hydros 
idc per 1 c of seru u a i der te ele anon probablv refer 
able to surgical trauma of tl c pancreas Lnfirtunat l> a pre 
operative enim hpi det nran-iti n v as not n adc The 
parjent has remained svmpton free ftr t o years snee her 
discharge from the ( osp tal 
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Dr Lee operated on the pauent three eeks after admis 
Sion to the hospital A large c>St of the panertas nas partl\ 
isolated through an approach b> way of the gastrocolic 
omentum A srnoU colored clear fluid amounting to 970 cc 
was aspirated from the cyst together with 15 cc of a mudd\ 
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and a Pesser catheter introduced The fluid from the pan 
creatic c>st Mas deeplj tinged vith blood A small piece of 
hepatic tissue as remo\ cd for microscopic examination The 
patient folloM ed a gradual but consistent!) downhill course 
postoperativ elj and expired four months after operation \ 
microscopic examination of the In cr specimen sho i ed adeno- 
carcinoma The sediment of the pentoneal fluid contained 
large cells which Dr Gise believed were cancer cells 
The malignant pancreatic c)sc would seem to represent 
mereh an incidental finding in this case of widespread ab 
dommal malignancx The fact that both the c\st fluid and 
peritoneal exudate were bloodv suggests that the former was 
malignant in origin although no specimen of the c\st wall 
was obtained A specimen of the cjst fluid was tested for 
lipase X hich was absent Two determinations of serum lipase 
pnor to operation w ere normal 

Ct III 

^ n a se cnc> se en v ear-old woman, as se n bv her 

fam li doct c five m nths before admsson, at hich tim she 

sutTered crampl ke opp essi e p n n the pper right q adra t 
She com ucd to ha e s milar m Id p in up to the time of her 
adm Sion to the h spital There as s me a a nd ght 

loss (10 p u d ) Sh t ok niv sm II mo mts of 1 q d ur h 

ment d ng that period because of a tend nc> t regurg rjt 
sol d food fh ee eck befo e adm ss n the pa n sc c 1 m re 
ev ere E ght d > s before admiss n th bl d g r \ as 86 n " 
per 100 cc a d th patient x as sent to the h p t I f f rthcr 
stud) a d standard at n of h d 1 etes 
Ph)sic 1 e am t n ic ealed a gl b ! r s ft turn r r hli 

the ze of h If a grap f t. cc p) i g the 1 g r p rt f the 

ep gascr m c tenng some hat to th left of the m dl ne and 
not dese nding th nsp rat on 
A modcr t sec d v n mia wa f d The u s ruin 
prote ns bio d hcmi t ad mm b lirul c n rmal The 
fatngbl d sue r aredt 190 mg p 100 
T \ o eeks afte dm $ i n th r m 1 pase as I 44 c f 

n ent eth norm 1 s d m h drox dc p 1 cc f rum \ \ 

exam n t n d sclosed an tr ga tr c ded m pres g n 
the b d> of the stomach Th p cr t ong n f the t m r 
as uggested (Fig 5 2) 
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lipase \ alues The paiient remained a mild diabetic postoper 
AtiveK during a tuo ^ear follow up 

Case IV 

M S female For sit > cars j ri r to ! > pital 7ation the patient 
had I een studied in the out patient ncaropsv ct latric dime ith 
a diagn s of globus h> stereos One year prior to hosp taliza 
t on a diagnos s of tholcl thiasis as made m the gastro cites 
cinal ch c on the bass f oral choices stograpln shouing a uell 
functioning gallbladder containing m ny n nopaqiie c Iculi 
N surgical biliatv dta n te in tl e clinic demonstrated calcium 
bilirubinate and cholestenn cry sc I in tie recovered material 
The patent refised op ration at that time Two sveeks before 
hospitalization she devel ped a severe attacl of biliary cole 
i ch cont nued t the time of her adm sion to the ward with 
upper r ght qi adrant a d cpigastr c tenderness and r gidity 
iv\ er leuVocy tt si si ght hv petbihtub ncm a and h> perhpasemia 
One \ eck ( tc after the acute attack had subs ded son e h t 
one CO Id palpate a round tender epgwrc m ss T o weeks 
fter adm s I n a larium enema showed some downvard dis 
pi ce ent of the midtr nsverse col n ptob IK d e to extra 
colon c pressure tr n h e (Pg 5 )) 

Three weels after admission t>r Lte operated and made 
the following notes Under intermittent spina! anesthesia we 
opened into the upper right abdominal quadrant with the 
usunl subcostal incision for exposing the gallbladder The 
gallbladder w ns found to be filled w ith small st incs the w all 
was somewhat thickened but there was no evidence of recent 
acute infiimmation The hver was nemul in color the edges 
thin and there w cre no gross signs of hepatitis The mass 
about the size of a luge navel onnge but shaped more like 
a pcir With the greatest enlargement t the right was in rhe 
lesser pctitoneal cavity and adlicn.nt to the gastrocolic omen 
turn Itwisn tmnablc but was fixed to the retroperitoneal 
tissues U was much larger to the tight near the head of the 
pancreas than m the midlinc where it wns somewhat cystic 
A. needle put m this area hofwcvcr obtained slate colored 
fluid m siiiill quantities but up n opening througJi the i erv 
thin vwU we entered » csst which was about the size of a 
snnll V alnut It contained s me gangrenous slate colored 
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Dr Case reported that the biopst of the cjst wall showed 
fibrous tissue with scattered cells of a chronic inflainmator\ 
reaction He w as not able to indicate the probable origin of 
the C)st The contents of the cist were cntirelt necrotic and 
no cellular clement w as present 
Postoperam cl\ the wound drained profuseh through the 
Pcsser catheter Throughout the postoperative penod there 
w as a mild febrile reaction The patient w as di charged four 
weeks after operation There remained a small amount of 
drainage from the stab w >und at the time of discharge from 
the hospital The patient was readmitted some months later 
for a persistent sinus w hich finalh healed 
The presence of distress in the upper abdomen for four 
months prior to admission in an elderlv female w ho had com 
plained of no prev lous s\ mptoms suggests that a low grade 
pancreatitis nia\ ha\ c caused obstruction to the flo v of pan 
crcaiic secretion sufficient to gne rise to a retention c>st 
The elevated blood sugar which was first noted i week be 
fore admission lends support to that idea Ten da\s before 
operation a scrum lipase deremimation as reported as I 44 
cc of twentieth normal sodium hidrovidc per 1 cc of serum 
a value sb^hth in c’tcess of our top normal (I cc ) Serum 
Lpase four davs after operation as n rmal a value which 
ma> be related to the minimuni amount of trauma to w hich 
the mam bod> of pancreatic tissue was sul jeeted at operation 
A specimen of the evst fluid was saved at the time of op 
eration The flu d vv as tuxb d but cleared after centrifuging 
Microscopic cvamination of the sediment revealed calcium 
bibnibm pigment \ dctcrminanon of the sugar content of the 
cv St fluid using a blood sugar techn c vv as reported as 1 1 6 mg 
per 100 cc A lipase determination (I v method) showed 
about one renrii the amount usuallv f und in pancreatic se 
crction remov ed from the duodenum -V lipase determ nation 
using the tcchnic for serum lipase v as reponed as 8 cc of 
twenneth normal sodium hvdroxide per I cc of evst fluid 
aven hi^h value The lancr determmati ns ma\ be mislead 
ini' because one v ouid expect h g^l lipase v al es in the fluid 
of^a retennon c>st of the pancreas The evst fluid sh uld be 
compared to duodenal lpase val es rather than to scrum 
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pouch and the laporotomv vound uai closed b\ layer su 
tures of catgut 

A specimen of the c\st fluid removed at the time of opera 
tion was examined The cyst fluid was brown thicl< and 
contained some heavy flocculcnt material An estimation of 
lipase activity on the basis of that usually regarded as normal 
for duodenal contents revealed no activity 

This case probablv represents an acute pancreatitis which 
caused necrosis of a portion of the pancreas The presence of 
gallstones had been noted prior to the onset of the acute ill 
ness Repeated examination of the stomach and duodenum 
bv banum meal during the study of the patient in the out 
patient department showed no gross abnormality The epi 
gastric mass first was noted at the end of the first week of 
hospitalization It is fair to conclude that the mass follow ed 
her attack of acute pancreatitis 

There were eleven dcterminatK ns of serum lipase 


6/ 9/40 Vdm 
6/10/40 3 74 
6/JJ/40 2 90 
6/17/40 1 57 
6/19/40 I 74 
6/27/40 I 52 
6/24/40 I 62 
6/27/40 0 a> 
7/ 1/40 Op i 
7/ 2/40 0 56 
7/13/40 0 64 
7/22/40 0 20 
7/24/40 0 32 


t Ui w d 
N/20N Oil 


N/20 V Oft 


Tile above values roughly corresponded with the clinical 
condition of the patient The serum lipase value did not fall 
within the normal range (below 1 cc ) until eighteen davs 
after admission and three davs before operation 


Ca* V 

I tl a SI tv Cfjht year Id Jc ish o lan as admttcd ti 
the Gr duatc II p tal n a t-onf sed mental state complain nj, 
1 nausea and a sk n ra h The n use had been p esenr for the 
pa t fc w ceks There bad been no omiting The e i ere ag e 
fl et ncr abdomin ] p ms attnbuted t si ght constipation The 
rash w of n o v eck d rat on and in oh ed ch efl the trunk 
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matenal such as one sees in pancreatic cysts The remainder 
of the tumor mass w as composed of solid tissue m hich prob 
abl\ was a diffu el\ enlarged pancreas The gastrocolic omen 
turn contained numerous areas of fat necrosis and we felt 
that this patient hid had an acute hemorrhagic pancreatitis 
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could be seen when the gjstrocolic omentum was put on 
tension and it definitelv encroached upon the lesser cun ature 
in the prepyloric region and may have been the cause of the 
distortion of this area which was referred to bv the roent 
gcnologist The cyst m the head of the pancreis seemed to 
be covered with normal pancreatic tissue It w is about IM 
inches in diameter We tried to isolate it but in doing so we 
entered the ca\it\ and found riiat it extended the entire 
length of the pancreas and contained ounces or more of 
a cleat water, fluid The cavity was drained with a Pesser 
catheter after removing a section from its wall and then an 
end to side anastomosis was made between the fundus of the 
gallbladder and the antimesentcnc wail of the jejunum about 
3 feet distal to where it eme^ed from the ligament of Treit/ 
This was a more formal anastomosis than we usually perform 
and three layers were used postenorK and two antenorlv 
My impression was that there was some form of obstruction 
m the region of the ampulla of Vater which was pressing 
upon the opening of the pancreatic duct as well as that of 
the common duct W e could not feel any thing in this region 
which suggested a stone 

An examination of the fluid draining from the cy st through 
the Pesser catheter showed about one third the amount of 
lipolytic actiMtv one nonuallv expects in duodenal contents 

The patient was discharged from the hospital twelve weeks 
after admissioTi which was six weeks after her operation af 
ter ^ relatively uneventful convalescence 

The prcoicrative chmeal picture in this case was confus 
mg The serum bilirubin on admission (3 6 mg per 100 cc ) 
was nit indicative of a complete biliary obstniction More 
ivcr the fill in serum bilirubin values ro 0 8 mg was not 
c nsi tent with niihgnancv cither of the common duct am 
pulh of \ Iter or head rf the pmcreas. The sire and con 
sistcncv of the gallbladder did nor change during the pre 
operative penod The moderate diabetic tendency pcrsi ted 
as cv idcnccd bv the continued elev uion of the fasting blood 
sugar Tlic I rom iitfilcin retention w as higher than one 
would expect with this degree of biliarv obstruction The 
nentgen logic appearance of the stomach suggesting an 



1690 


THOMW K JOHNSON W ^LTFR E LEE 


and cxtrenitcs There as a loss of b pounds m the pre i is 
few months 

Ajart from cn ciadon the p!%sc 1 examinati n was nepa 
tee cept for th presen c of i hard r unded ni s in t! c 
1 w er r gin al d a nen x hich a I cl e cd to be th galll b 1 ler 

Lab ratorx studies shoxed and rate seconda \ nnu 
The fast n" bl od sugar \aned to ISO mg pe 100 c of b! d 
The bfoo 1 ur a mtrog i carbon d idc comb ning p \ cr 
blood chlo les s rum ph sphat sc and serum prote n ere 
\ ithm nom I lim is The scru n I il rub n x as J 6 mg per 100 
c on the patients admis n F e x eks after adn i n the 
serum bil rub n x a 08 m" p r 100 cc The br nsulfalcm 
test C* mg per k iogram d sc) sho ed SO { cr cent retenn n n 
th rtx mm tes three xxccl aftc adnssi n nd 5 per cent re 
tent! n on X ceV, later Fhc sto Is sho \cd an ce s n 1 trac 
of cc It b! od F r deiennin tion of the scrum Ipise x ere 
\ithm n m al lim ts 

\ r \ e 11 nat on of the stomach and du denum h ed 
onie di tort on < f the antr I mg the s ficance f h ch 
could n c be det rm ned The d stal cm of the p\ lor c truni 
fa led to fill out P st 1 s s present m th t area but the f M 
appea ed st ffened It x as imp ss We to xch de ulcerati n m ti e 
prepylo c re asapossibUi) 

Six XX ccks after admission Dr Lee operated on the patient 
The folloxxinp obscnations xxcrc recorded b\ Dr Lee 
There xx as a x cr\ large and clongite 1 gallbladder the fun 
dus of XX Inch reaclicl the lex cl of the crest of the ilium it 
\ as to ■’* inches in diameter and the walls x ere not in 
flamed There xx ere adhesions in the foramen of inslox 
w Inch XX ere easiK separated an 1 xxitli the forefinger in the 
foramen of mslt x the common duct could be palpated 
It contained n i stones and apparcnilx xxas not enfai^ed The 
lixcr x as chocolate colored and although the edges were 
sharp It xas 1 cginmn" to shox sgns of cirrhosis and the 
under surface hid a definite hob na 1 appearance Ho xe cr 
the densitx of the li c did not seem to be increa ed The 
stomach to gross appearance xxas n rmal but in the lesser 
omental cax itx one c uld feel an enlarged pancreas Tii s en 
largement apparentlx n ol ed the m re I ngtii of the pan 
creas and m the head there xxas a osiic enlargemenr hich 
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THE FATE OF TRANSFUSED REFRIGERATED BLOOD 
AND THE PROBLEM OF BLOOD BANKS 

MAX M STRUMIA MODS (M d )t 

Early attempts at preservatjon of blood of aiumals and 
humans have been reviewed bv Jeanncncy Servantie and 
Vieroz and others The first practical contribution to our 
problem is that of Robertson of the United States Army 
w ho during the first W orld War usint the method proposed 
bv Rous and Turner in 1916 transfused twenty pjtientswith 
blood preserved up to twenty four da>s Of the twenty pa 
tients nine died The author states that the survivors owed 
their lives to the transfusions 

The contribution of a group of Russian workers e\peri 
mcnting with animal and human blood from cadavers as well 
as from living donors brought the whole subject to the fore 
Among this group must be mentioned Burdenko (19 1) 
Shamoff (19'’8) Samov and Kostrjakov (19'’9) and finally 
Judine and his co workers 

The use of cadiver blood aside from any debatable sen 
timciml reason serves no practical purpose Concerning the 
placental blood the difficult) m obtaining it the small av 
erage vield (75 cc ) and type of blood obtained make its use 
Ixth expensive and impractical 
Our problem will therefore be limited to the studj of 
preserved llord obtained from living donors 


PRELIMINARY CONSIO C RATI 0 NS 
III this ctuntrv following the publication of Fantus re 
p rt bliod banks were cstabli^ed m man> institutions 

I mhlJprrn (QcalPh Bnn M r Ilosn 1 

tA Pfcfc»o CnJ School fMd U rsrvfP 

iW Drc f Q ca! Labor* rv Hn-n M Brv 
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tral distortion \ as consistent with the diagnosis of an en 
croaching lesion ansing from the pancreas The presence of 
a pancreatic c\ st at operation explains ool} a portion of the 
prcoperititc findings The ant^ distortion diabetes and 
moderate h\ perbilirubincmia could be explained on the basis 
of pancreatic changes secondirx to some sudden enlaigement 
of the Cl st or inflammation of the surrounding region u hich 
had subsided The persistentK enlarged dilated gallbladder in 
the presence of a normalK appeanng common duct is not 
explained on the basis of the operame findings particularls 
in \ieu of the preoperame drop in scrum bilirubm to 0 8 
mg per 100 cc 


SUMMARY AND CONCLUSIONS 


In conclusion seieral interesting clinical features are noted 
m our senes of fix e cases of pancreatic cx sts 

I 4II the cases occurred rn females 

The ages X aried from thirtx fixetosexentx sexenxears 

3 In three cases a preoperame diagnosis of pancreatic 
exsts XX as made largelx on the basis of roentgenologic ob 
sen ations 

4 Onlx one case was associated x ith malignancx and in 
that Case the onlx death m the sene occurred 

5 Three cases shox cd a dubctic trend 

6 Three cases sho ed abnormalities m the scrum lipase 
concentration 

7 In one case the exst x\ as excised In the other four cases 
the cx sts XX ere drained cxtemallx bx means of a Pcsser cath 
eter In no instance as there mx d gesuon of the integument 
surrounding the stab x ound through x hich the Pcsscr cath 
etcr drained 
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Reactions Follouing Transfusions of Fresh Curated Blood 
-In siK >e3rs from 193'> to 1937 inclusive over 1500 trans 
fusions of fresh citrated blood were performed at the Br>n 
Mawr Hospital Out of this number there occurred only one 
death attnbutable to transfusion reaction and one other se 
vere reaction The death occurred in a patient with hemo 
Iv tic jaundice a disease in which blood transfusion as m all 
diseases with accelerated blood destruction is often attended 
by sev ere henioly tic reactions as Greppi (19'’6) and more 
recentlv Sharpe and Davis have pointed out The severe re 
action occurred in a patient suffering with a tuberculous em 
pvenu with supenmposed streptococcic infection Contin 
uous drainage of large quantities of purulent evudate had 
resulted in a severe hy poproteinemu a condition m which 
I had previouslv noted a severe reaction with oliguria and 
arotcmia following transfusion Thus over a period of six 
years the ni rtahty from transfusnns in the Bryn Mawr 
Hospital had been less than 007 per cent which compares 
favorably with DcGowms’ reported mortalitv of 0’ per 
cent m 3500 transfusions at the Hospital of the State Univ tr 
sity f f low a and Tiber s death rate of 0 1 3 per cent in 1467 
transfusions at the Bellcv uc I lospital Rates up 1 1 1 5 per cent 
have been reported from Russia Dunng the same period of 
time the number of mild reactions (chill mild rise of tem 
pcriturc) was about 5 per tent 
Reactions holloaing Transfusions of Pefri erated Blood 
-Upon the institution of the blood banl at the Brvn 
Mawr Ilosiital it was noted that many transfusions were 
f llowcd b> reactions liotli immediue and delayed Forma 
non of minute clots m the refrigerated citrated blood was at 
hrst suspected as being the ctu erf such reactions Such fil 
aments or coaguU hid alrcadv been mtud Is a number of 
\ orkers and fltraiwn t f I lood advised For filtration wc cm 
plov fnir lasers if 40 mesh gaurc \ ith the aid of gentle 
suction t accelerate the permi n Tins procedure is earned 
lut in a clo cd s\ stem an I Ivw no demonstrable effect on the 
fragihtv of the crvthncvtc as will be discussed later 
Five removal of these coagult Jiov ever did not dimmish 
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In the Brjn Mawr Hospital where a plasma repository had 
been m operation for se\ etal > eats presort ation of blood for 
the purpose of transfusion was established in Januar> 19J8 
after a prelmimarv trial senes to establish a proper technic 

M d f P rv i 

Brief!) the blood js mixed w ith 4 per cent dih> dne sodium 
citrate solution in 0 85 per cent salme in a ratio of 50 cc to 
each SOO cc of blood and preserxed in hermetically sealed 
c\ Imdncal n c glass bottles at a temperature of ’’ C until 
the nme of use For the preparation of the solutions and 
glassware care is taVen for the axoidancc of contaminanon 
with p\ rogens The x anous operations arc performed by the 
same group of trained laboraton x orkers 

TmeLmf fP rvf 

As the Unit permissible for blood prcscrxation ue set at 
first the appearance of hemolysis xxhtch accorded with the 
opinion of most x orkers pnor to 19)8 Concerning the time 
of preserxation there is a considerable vanetv of opinions 
some faxonng shorter limits thus for blood preserved m 
saline citrate solution Lmdenbaum and Stroikova advised 
tveixedaxs and Doepp ten days Others set the time limit 
ot blood prcservati n at much higher figures For example 
Jeanneney andAieroz ser the limit at twenty days Gnoinski 
used blood sixtx slx seventy five and eighty five days old 
and Gtozdoff states that the results obnined from a trans 
fusion of blood hch was preserved for a considerable 
length of time (over fifteen daxs) differ xerv little from the 
results of bio d preserxed for a more limited period of nme 
However 1 rtle or no exilcnce is gixcn in most of these re 
pons to justifv the conclu ions 
I ater F antus and Shirmer and others adv iscd limiting the 
preservanon of refngcrated blood to ten days although in 
some hosptals the lin it of preservation of curated blood is 
soil longer In ni nx reports the limits of 1>I >nd presen ation 
arc set some hat rbimnly or at least ithout mentioning 
the rationale of the proposed period 
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heniol) SIS beginning it 0 60 or more and complete hemol 
>s\s at 0 56 or more The cvpenmcnc was repeated on a 
similar senes of five blood samples with comparable results 
Fragility tests were also done with every lot of blood used 
for transfusion for a penod of several months during which 
over 100 samples were tested An increase m the fragilitv of 
the erythrocytes under the conditions mentioned appears to 

fRAGlLlTT QF CllRMEO ERYTHROCYTES 
NiCir AT2®C 



BLOOD CITRATCD BLOOD 

r g 524 Th fraglty f ryvh cVi ( radfgrad blood 
dnnd pnJftdj(Sei) 

be a Constant phenomenon after the fifth or sixth day of 
preservation 

Spo tan 0 » Hem ly i 

TIic lime of occurrence of spontaneous hemolysis in a 
specimen of curated refrigerated blood vanes a great deal 
w ith the method used for the detection of henmlv sis 
If vve take as evidence of hemolysis the discoloration of 
plasma immediately above the layer of sedimented erv thro- 
es tes m an iijiiirtitTf ed specimen of curated blood hemol 
ssis IS usuallv noted from the fifteenth to the twentv firsr 
das seldom later occasionaflv before If however hemol 
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the number nor alter the nature of the post transfusion reac 
tions These reactions consisted of chill and mild tempcn 
tore eletacion jaundice passage of dark colored urines in 
more severe I'cactions there were pam over the bladder and 
in the lumbar region nausea vomiting and oliguria 

It was also observed that in patients receiving refrigerated 
preserved blood the nse in the er)xhrocvte count and hemo- 
gkbm content was not constant and often considerabl) be 
low the a\ crage obtained b> the use of fresh citrated blood 
in similar cases 

It appeared desirable to snid> svstematicalU not only cer 
tain plivsieal changes occurring iri the citrated Iilood in wtro 
but also the fate of the rnnsfused blood in relation to the 
period of presen ation and to the conditions of the recipient 
The purpose of the studies was to determine insofar as pos 
sible the usefulness and safetv of refrigerated blood The pte 
Jimmarv results were presented in the fall of at rbe 
meeting of the PennsvUania State Medical Society in Pitts 
burgh The obsenations and results will be summarized 
here 

PHYSICAL CHANCES OCCURRING IN CITRATED 
REPRICERATEO BLOOD 

Frag 1 ty f Eryth cy+ 

Under the standardized conditions mentioned prev i )usl\ 
the fragility of cry throcy tes to hv potonic solutions of sodium 
chloride was determined on ten specimens of blood from 
healthy donors The fragility vi as determined before and af 
ter the addition of sodium citrate -\fterward each of the 
specimens w as d v ided in ten aliquots and dcteniiinations 
V ere made dailv on each one thereafter These aliqu rs ere 
preserv ed m cv I ndneal bottles sunilar in shape to the con 
tamers used for the presenarron of larger specimens and 
of such size that the ratio between the olumc of the spea 
men and the interfacies (air plasma and plasma packed cry th 
rocytes) was comparable The results are illu traced graph 
icalh in Fig 5 4 There is practical! no change during the 
first four da\ s but w ith the sixth d v the frag 1 tv is increased 
in cverv sample tested Bv the tenth d v all samples slow 



FATE OF TRANSFUSED REFRICFRATED BLOOD 1697 


hemolysis beginning at 0 60 or more and complete hemol 
> SIS at 0 J6 or more The erpenment as repeated on a 
similar senes of fi\c blood samples sAith comparable results 
Fragility tests were also done with every lot of blood used 
for transfusion for a period of several months during which 
over 100 samples were tested An increase m the fragility of 
the erythroevtes under the conditions mentioned appears to 

FRAGILITY OF CITRATED ERYTHROCYTES 
Hi.CI?' AT2*t 



BLOOD CITRATED BLOOD 

F g 5 4 -Th frag 1 1) f ryth oc>i« f rad fgradbld 
d rm d p«n<w t d j (Sc ) 

be a constant phenomenon after the fifth or sixth da\ of 
presen anon 

Sp t n 0 H molyj 

The time of occvitrencc of spontaneous hemolysis m a 
specimen of curated refrigerated blood vanes a great deal 
with the mcih >d u cd for the detection of hemolv sis 
If we talvC as evidence of hemolv sis the discoloration of 
pla mi immcdutclv ab vc the Ijvcr of sedimented cry thro 
cy tes m an tmdntuTbtd specimen of curated I lood hemol 
vsis IS u uaUv n ted frwv the fifteenth to the twentv first 
dav seldom later occastonalK before If h( w c\ cr hemol 
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> SIS IS determined after genth mmng the blond as it would 
be done before transfusion and allowing the er\throc\tes 
to settle again In gra\it\ considerable heme Ksis can be de 
tected much sooner usualK bets cen the tenth and the 
fourteenth da\ Centrifugation of the bliod for the purpo e 
of determining the presence of hemols sis is desirable and d es 
not appear to cause damage unless the blood has been pre 
serted too long 

From these simple obser ations it appears that jud in<y of 
the state of presen atmn from the appearance of hemoljsis of 
an undisturbed specimen of blood is not a safe procedure 
unless w e accept the conclusion of Gn unski and Grozdoff 
that the presence (f hemohsis is not a contraindication ro 
the use of blood The question of the danger m olved bs 
the intraseniis admini trati n of hemohzed blood is an cs 
tremeh controversial one While it is true that even rela 
tivel) large am nints of purified or crystalline hemoglobin 
solution can be safety ad iimistered intravenously v hole 
hemol) zed blood dr es not appear to 1 e a safe material for 
intravenous use 

In conclusion even if in the largest majonty of cases the 
intrav enous injection of a limited amount of hemolvzed blood 
is not follow cd b> a permanent demonstrable renal dama e 
It IS likelv that damaged ervthrocvtes will last but a short 
time m the recipient s circubt on thus defeating the purpose 
of a w hole blood transfusion This is clearly demonstrated bv 
the m V IV o ol sen ati ins w hich folio v 

EffetfShltg d F H t fh F g I fy f Ery^h cyl 

Fragility studies v ere earned out on fifteen blood samples 
before and after gentle shaking (t> obtain a complete mix 
inty) and filtration as practiced on all specimens before trans 
fusion Results are summan cd in Table 1 Similar studies 
V ere also earned out on t a Iocs of blood divided iromedi 
ately after collection in five aliquots and kept up to ten davs 
Lach dav beginning with the si th one lot was tested for 
fra<nlit> before and after m x ng and filtration 

Under the experimental cond nons gentle shakint' and fil 
rraaon of blood preserved not more than ten days does not 
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jsis IS determined after gentK mixing the blood as it would 
be done before transfusion and allowing the erithrocites 
to settle again ! \ gra\in considerable hem l\sis can be dc 
tected much sooner usualK between the tenth and the 
fourteenth da\ Centrifu«»ation of the blood f r the purpose 
of determining the presence r f hemoK sis is desirable and d cs 
not appear to cause damas'c unless the blood has been pre 
sened too long 

From these simple obsenations it appears that (ud^ing of 
the state of presen anon fr>ni the appearance of hcmolvsis of 
an undisturbed specimen of bio d is not a safe procedure 
unless we accept the conclusion of Gnoinski and Grozdoff 
that the presence of hemohsis is not a contmndicanon to 
the use of blood The question f the danger imohed I 
the intraienous administration of hemohzcd blood is an ex 
tremels controversial one \\hilc it is true that even rela 
tivelv large amounts of purified or crvsralline hemo lobin 
solution can be safelv administere 1 intrav enouslv v hole 
hemoij’zcd blood does not appear t > be a safe nntenal for 
intravenous use 

In conclusion even if in the lai^cst mijoncv of cases the 
intravenous injection of a limited amount of hcmolvzed blood 
IS not foil nv cd bv a permanent dcmonsrnble renal dania e 
It is likclv that d imaged enihrocvtcs vail la t but a short 
time in the recipient s circulation thus defeating the purpose 
of a vv hole blood transfusion Thisisclearlv demonstrated bv 
the in V IV o observ attons vv hich follow 

Eff ct f Sh k g d FIf < th F g I ty f Eryfh cyt s 

Frat^ litv studies were e rricd out n hftcen blood samples 
before and after g mic hakin" (t obtain a complete mix 
ing) and filtration as pracDccd on all speamens before rrans 
fusion Results ar sumnurzed n Table I Similar studies 
\ ere also earned nut on t lots of I lood divided immcdi 
atclv after collccti n in h e all juots and kept up to ten da s 
Each dav beginning irh the s th one lot as tested f r 
fragilitv before and after m mg and filtration 

Under the expenmcntal condit ons gentle shaking and fil 
tranon of blood preserved not more than ten davs docs not 
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appcir to cjusc an apprccnbic increase m the fragilm of the 
en throcj tes (Table ) 

Similar c\pcnnicnts earned out on blood specimens older 
thin ten ilus and occasion UK csen on specimens nine and 
ten dais old shoii that mixing and filtration cause an appre 


1 1 If r ne i 

t iti e« t ( IS 



cjible incrcise in the fngUm of erv throes tes \s stated be 
fore specimens ten to fifteen di>s old \nll as a rule shos 
pcntancnis hemoKsis fnllmxing gentle shaking to obta n a 
complete niLxmg of cells B\ gentle shaking is meant in all 
cases 3 routing motion suffiaenr to carrj m an c\en sus 
pension the sedimented enthroextes 
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With more vigorous shaVing or shaking repeated daily the 
effect on the fragility of the ervtbrocytes is proportionately 
more severe It is to be noted that tvith blood less than five 
days old it requires a considerable amount of shaking to in 
crease sensibly the hemolysis and fragility of the ery thro- 
cytes but eitrated blood preserved over seven days shows 
considerable hemolysis after violent shaking 
The estimation of hemoglobin by simple observ ation is ex 
tremely difficult and unreliable For the estimation of the 
hemoglobin in plasma vve have employed for some time 
Chornock and Karr s“ modification of the visual benzidine 
method of Letonoff which appears to be scnsitiv e to about 
0 5 mg of hemoglobin Results obtained bv this method in 
curated refngerated blood mamtamed at C are shown 
graphicallv mFig 5'>5 

THE FATE OF TRANSFUSED REFRIGERATED BLOOD 
Ag f 61 d Hyp bl b em dJ d e 
Blood bilirubin determinations together with clinical ob 
servations were made before and after transfusion m seventy 
seven cases In addition the fragility of the transfused etv th 
rocytes was determined m each instance as well as the daily 
variations m the erythrocvtc count and the hemoglobin con 
tent (if the blood m all the patients 

Sixtv three transfusions were given to patients suffering 
chiefly from mild to moderately severe posthemorrhagic an 
emias or mild chronic and subacute infections They will be 
considered as Group 1 None of the patients in Group 1 
showed verv severe anemias or evidence of increased blood 
destruction In all the cases of Group \ the bilirubin content 
of blood serum was normal before the transfusion (0 5 mg 
or less per 100 cc ) In fom seven of these cases the bilirubin 
determinations were made before transfus on and from twelve 
to eighteen hours after in the remaining sixteen cases 1 ili 
rubm determinations were made before transfusion and at 
various intervals after up to fom eight hours The fourteen 
transfusions considered under Group were given to nine 
patients showing before transfusion hyperbilirubinemia of 
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\anous origin nnd scvcnn TIik group mjI! be tiiwiiwd 
separately 

Gro p I 

The relationship of the ige of blood hy perbihmbmcmia 
and jaundice in the first group is show n m Tig 5 6 It will 
be noted that in tw entj fi\ e transfusions w ich blood fi\ c day s 
old or less there Mas onh one case (4 per cent) of hyper 
bilirubmemia a mild one and only tw o cases (8 per cent) 
of mild chill and mild thermic reaction One occurred m a 

AGt&-B[000 f/YP£ftBIURm/(£MIA AND JAUmCt 
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pauent com alescing from cptic al ortion and the other m a 
patient with chronic atrophic anhriti 

In the remaining thirts eight eases in s liom blood sit to 
twenty three da\s old as ii cd In pcrbilmibinemia occurred 
in thirty two ca c or 84 jer tent Ifypcrbilirubmcmu oc 
curred m all but one patient receiving llotd eight days old 
or more The one e\ccj i on as a case f ] tpirtum hemor 
rhage m which the blood tran fu i n f fifteen di\ old 
blood vas stopp d becau f chill \ I cn nh 100 cc had 
bcengi'tn Of these th rt> eight ca cs t\ cl\c (31 per cent) 
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had chill and/or temperature elevaaon following the trans 
fusion and thirteen (34 per cent) had jaundice 

Jaundice following transfusion of preserved blood has been 
reported it is likely that these reports are limited to the more 
severe cases of jaundice The jaundice is usually light and 
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of sh rt durui n in pitientv receiving tnnsfu ions in the 
litc iftcrn on t 1 u uilK n t visible b\ the next dav Un 
le s therefore the piticnts nre cirefilh bser ed at regular 
cl sc intervals the pun 1 cc miv in the majoritv if cases pass 
unn need 

The jaundice usualK reaches the j cal eight to ten hours 
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after transfusion occasionalls before it is seldom \isible af 
ter t\\ ent\ four hours Except in set ere cases it can be de 
tected onl> in the sclerac In a few cases the jaundice is more 
severe being readilv observed in both sclerae and lasting up 
to fom eight hours It has often been noted that in the most 
set ere cases of jaundice there is an actual drop in the total 
erjthrocyte count following transfusion (sec Fig 529) 

The nse of bilirubin in the blood is verv rapid (Fig 527) 
and the serum bilirubin content often over 3 mg per 100 cc 
Similar findings hav e been reported b\ DeGow in " in post 
transfusion reaction Increase in the bilirubin content is often 
present as earlv as a half hour after the beginning of the 
transfusion During the transfusion and for a penod of half 
to one hour after hcmoglobinemia is also present Bibnibm 
eniia and jaundice are influenced not onlj I v the age of the 
blood but naruralh also bv the size of the transfusion This 
IS pamcularl) true of jaundice 

The spetd factor his not been investigated in all tnnsfu 
sions the avenge speed was 4 cc per minute the maximum 
rate 5 to 6 cc per minute In all cases of bilirubinemia the 
\ an den Berg test gave a positive indirect reaction 

Fr 5 I ty f Eryth yt d Hyp b 1 rub em 

Figure 5'’8 shov s the close parallelism betuecn fragilit of 
ervthrocvtes used m the transfusion and the incidence of 
hv perbilirubincmia m Group 1 Of twent) five transfusions 
cmploving blood with i normal fragility to h>potonic salt 
solution none V as followed bv h} pcrbilinibmcmia Of t\ cn 
tv five transfusions cmplov ng blood with hcmoljsis begin 
ning at 0 6 per cent of sod um chlonde or ov er tv cnt> four 
(96 per cent) showed h) perbilirubinemia The lone cxcep 
non received onlv 100 ce of blood The fragilit) tests were 
done as a rule after the blood had been mi ed but before 
filtration 

There appears to be therefore a close relationship be 
t\ ecn the age of blood the fragilitv of the erv throc) tes and 
the incidence of hv pcrbil rubincmia and jaund ce This docs 
not implv that decrea. cd ns stance to h) potonic solutions is 
the inlv fact r in ol cd m the accelerate 1 dc tructi n f the 
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transfused er> throcytes and the resulting hyperbilirubmemia 
The fragility of the erythrocytes employed m the transfu 
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Sion ho\ve\er appears to be a \cry reliable inde< of their 
state of presen ation 


<9 p2 

According to the mechanism of the hyperbilirubinemia 
present before the transfusions the nine cases of Group 2 
vvill be divided into three subgroups as follows 

(a) HypeTbiltTtibinejma due to accelerated blood destruc 
Cton fro7?i an increased and/or altered activity of the eJe 
vients normally breaking don^n old erythrocytes This group 
IS represented by two cases of penucious anemia with three 
transfusions After each transfusion there was an increase of 
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the already existing hvperbilirubinemia regardless of the age 
of blood (one to seven days old) Hyperbilirubinemia fol 
lowing transfusion of fresh citratcd blood in patients of per 
mcious anemia has been observed by me in a certain number 
of patients It appears to be more common w hen large quan 
titles of blood (500 cc ) are employed m the transfusion 
{b) Hyperbihrubinenna due to accelerated llooi destruc 
tton from i lowered reststauce of tie erythrocytes to pre 
sumtbly normal acti My of tie elements breaking doun old 
erythrocytes and hy perbiiirubinemia accompanymc' severe 
infection This group is represented by a case of sickle 
cell anemia with two transfusions one case of staphylococcic 
pneumonitis two cases of Streptococcus vundans endocar 
ditis one case of chronic lymphatic leukemia one case of 
peritonitis In the transfusions with blood less than five days 
old (six transfusions) there was no increase of the pre exist 
mg h\ perbiiirubinemia with blood over five davs old there 
w as a sharp increase fn other words this subgroup acted like 
subgroup a as would be expected 

(c) Hyperbiltrtibtnetmt due to liter diseases This group is 
represented by a case of bibarv cirrhosis v ich four transfu 
sions TTiere was a sharp nsc m rhe serum content of bil; 
rubin and a deepening of laundice after each transfusion the 
blood used bein^ tw o to four day s old 

ThEffffT f fRfgldBld th EryJh yt 

C t 

A\ e ha\ e alreadv noted tint transfus ons of refrigerated 
blood V ere often not followed by the expected rise m the 
ery throev tc count and the hemoglobin content In this study 
w ill be cons dered only those cases in hich at the t me of 
transfusion there yv as no sev ere bleeding or obv lous alteration 
of the V ater balance and in hich the ery throcy te count 
and the hem globin content did not sho conspicuous flue 
tuations in the days preceding the tran fusions Pe/legnni 
has pointed out ho difficult it s to eva! late the vanati ns f 
the erythrocyte count a d the hem gl bin percent ge f 1 
lowing transfusion because of intcrchinges between tissues 
and blood The figures gricn m this study nni f therefore 
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be considered mostly as comparative data and the results 
more suggestive than conclusive 
Ctjthrocvte counts were made twenty four hours or less 
before transfusions usually immediately before and between 
twenty four and fortv eight hours after transfusion All the 
blood counts as w ell as the bilirubin estimations vv ere made 
by the same technician with standardized pipettes and 
technic All patients were adults and all received 500 cc of 
blood In Group I (twenty cases) the blood was less than 
hve days old and none of the patients showed increase of 
Aseeraim ifr/tmiKjmMiA ta.c com and jAumet 


tacH smaoL soo transfusion 
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the bilirubin content of the blood after transfusion In Group 
(nineteen casts) the blood was seven to eighteen davs old 
(mostly betvi cen sev cn and ten davs old) all patients show cd 
by perbilirubmcmia after transfusions Figure 529 illustrates 
graphically the findings In the twenty cases of Group 1 the 
Tverage gam in the ervthrocjtc count following transfusion 
was 515 000 per cu mm Vo patient of this group showed a 
lecline jn the crvthrocytc count following transfusion 
In the nineteen cases of Qroup "* the average gain in the 
cry throcy tc count following transfusion was 90 000 per cU 
mm or less than one fifth of the average gam showed by 
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patients of Group 1 In sc\en cases transfusion ^\as followed 
bj a decline in the crj throc> te count 

In addition to hj pcrbilirubinemia twelve cases of Group ■> 
also showed jaundice In the se\en cases showing a drop in 
the er>throcjte count following transfusion jaundice was 
present in all but one 

Failure in the expected nse m the er> throes te count fol 
lowing transfusion of certain lots of blood (seven da\s old 
or more) m patients not showing at the ame of transfusion 
considerable blood losses nor excessive blood destruction 
suggests the probability that a large portion of the transfused 
blood ts rapidly destroyed and ehvnnated 

Another consideration that leads to the same conclusion 
IS the 6ndin<» of large amounts of hemoglobin m the blood 
of a number of patients receiving transfusions of preserved 
blood In several observations m patients immediately follow 
ing transfusion of blood from seven to eighteen days old ir 
has been found that the hemoglobin concentration m the 
plasma may be as high as 0 SJ per cent In a specific instance 
a woman agedtwcncj eight years suffering from a moderate 
posthemorrhagic anemia (J 100000 erythrocytes per cu 
mm) was given a transfusion of 500 cc of eighteen day 
old blood This did not show gross signs of hemolysis in vitro 
One half hour after complenon of the transfusion the oxal 
ated plasma contained 044 per cent of hemoglobin On the 
basis of the body w eight the patient s blood mass v as esn 
mated roughly at 45(X) cc The patients blood having an 
erythrocyte volume of "’5 per cent the total quantirv of 
plasma v as esomated at approximately 3375 cc Therefore 
the circulating blood of the patient one half hour after trans 
fusion contained approximately 18 gm of free hemoglob n 
The hemoglobin content of the transfused blo< d being 14 
gm percent v emav a-Sume that 150 cc of blood had under 
gone hemoivsis withm one half hour of completion of the 
transfusion This patient had a scrum bilirubin content of 
4 1 mg per 100 cc three hours after the conclusion of the 
transfusion There w as no chill or other immediate complaint 
but in about mne hours tie patient became jaun heed (sc 
Fig 527) 
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In another instance a male aged twenty three years who 
had recent!^ undergone a colostomy was given 500 cc of 
ten day old blood One half hour after completion of the 
transfusion the oxalated plasma contained 0 53 Jier cent of 
free hemoglobin Seven hours later the scrum bilirobm was 
3 mg per 100 cc The patient had a febrile reaction and be 
came jaundiced Before transfusion the patient had 4 610 000 
erythrocytes per cu mm four hours after they were 
3 770 000 

The destruction of a large number of transfused ery thro 
cytes when the citrated blood was preserved more than seven 
days was confirmed by the sharp increase m the total bill 
nogen output in the davs following the transfusion In one 
patient who received 500 cc of ten day old blood the bill 
nogen output from a normal of 95 mg for the tw enty four 
hours before the transfusion rose to 400 mg for the twentv 
four houR following transfusion A quantitative relationship 
between the a^e of the blood size of transfusion and bilmo 
gen output was attempted but the data are insufficient to 
warrant detailed analysis and conclusions 

P t 1 L k yt d PI teUH 
The survival of leukocvtes and platelets has been dealt 
with in a number of reports However estimation of sur 
vival of these cells has been often based on the consideration 
of the number in the preserved blood without much consid 
eration given to the state of preservation and the consequent 
physiological activity Thus neutrophils appear to remain in 
the refrigerated blood for several days However after a few 
hours of contact with the sodium citrate solution we have 
found that locomotion and phagocytosis of neutrophils are 
impaired Phagocytic power of neutrophils may be to a cer 
tain extent restored if the cells arc carefully washed It is 
possible that after transfusion of citrated blood and elimina 
tion of sodium citrate the phagocytic activity mav be partly 
at least regained Shamov found that phagocy tosis is fairly 
well preserved m cadaver blood for the first eleven hours 
after death Karavanov found that polvmorphonuclears of 
presen ed citrated blood preserve some of their phagocytic 
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activity until the fifth or sixth daj hut that phagocj tic po« cr 
declines sharplj after the second da> To demonstrate phago 
cjtosis It Mas neccssai> to Mosh the lcukoc\tcs carefulK to 
remo\ c sodium citrate 1 hcteforc it is likclj that the tmii 
of mefut nir-'i jI of letikocytes in atratei refugerjted blood 
ts ery short 

Platelets sun i\ e m citrated refrigerated blood for a short 
time Dreu and Scudder found that the platelet count falls 
to less than 100000 in ruentj four hours and to about 
40 000 m three da\ s c found that in addition to rapid dis 
appearance from the citrated blood the platelets show sescre 
degeneratne changes Mithm a few hours of collection of the 
blood Similar findings arc reported b> kolnier Hovworih 
and Skinner found that phacocMic acuvit) for sescral patho- 
genic bacteria is reduced m scvcnt> two hours of preset 
\ ation 

The problems of the preservation of prothrombin com 
plement and specific antibodies have been reported else 
where and will be omitted here 

ADDITION OF ISOTONIC CLUCOSt SOLUTION TO 
CITRATCD BLOoD 

The soluoon cnip!o>cd b\ Rous and Turner m 1916 is a 
much better preservative for blood than plain citrate Its 
pracacal use however is limited because of (J) the cxccs 
sivelj large bulk of the resulting niuvnire and O) the high 
concentration of sodtvm citrate necessitating the removal of 
at least part of plasma and resuspens on of the ted cells in 
saline solution or Lotke fluid 
The addition of glucose to solium citrate was rcvi cd m 
19 6 b) Pert) who used a dextrose lithium citrate mixture 
later on bj manj others including DcGow m ct a) Maize! 
and M liitaker and Bclk The conclusion is that the addi 
non of large quantities of isotonic dextrose soli ti n to bl ) d 
slows considcrabl) the ntc of hemolvsis, as compircd v itl 
that of blood presen tfd in plain « dium cicrjtc s \u(ion De 
Gowin recommcnls a mixture of 10 olun cs f Hood IJ 
volumes of 5 4 pet cent anhxdmus dcxir sc and oh me 
of j pec cent d hv dne sodium citrate m \ ater Hclk uses a 
mmurc of parts of bl od and 1 of glucose soluti n 
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The presen ation of er>throcjtes is definitely better when 
maximal quintines of isotomc glucose are used The limit of 
useful storage of blood preserved in solution rich in glucose 
has been variously placed at three to four weeks 
It may be conservatively stated that the addition of suf 
ficiently large quantities of isotoiuc glucose solution to w hole 
blood when properly done will increase the useful period of 
ery throtyte preserv ation to about tlircc w eeks or three times 
as long as the expected penod of preserv ation of er\ throcytes 
in plain sodium citrate solution 
This unproved preservation is proved by studies of the re 
sistance of the erythrocytes to hypotonic salt solution and to 
shaking It IS also proved by m vivo studies of the serum 
biUrwbm content of the recipient s blood after transfusion at 
least when the amount of transfused whole blood does not 
exceed 500 cc 

Similar conclusions were teached by Belk from studies of 
the survival of erythrocytes in the circulating blood of the 
recipient by the method of Ashby The addition of glucose 
solution has no appreciable effect on the preservation of leu 
kocy tes or platelets 

THE PROBLEM OF BLOOO BANK6 
Fact % M I tat ng aga it Adopt I B1 od G[ e le td t res 
It would appear from the foregoing that the solution of the 
problem of blood banks rests simply upon the employment 
of a preserving fluid contnming large quantities of isotonic 
glucose solution This conclusion however is not entirely 
acceptable for many reasons which will be briefly reviewed 

1 The bulk of the transfusion fluid is large especiallv 
w hen the amount of w hole blood required is mote than, 1 liter 

2 The dilution of the blood when maximal quantities of 
isotonic glucose solution are used interferes senously with 
the effectiveness of the transfusion m cases of severe shock 
viith Widespread capillary damage m view of the fact that 
the resulting plasma protein concentration is greatly reduced 
Thus \v ith DeGow in s solucion the av etage total plasma pro 
tern concentration of the blood citrate glucose mixture is but 
3 gm m 100 cc. 
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3 The addition of isotonic glucose solution to citrated 
blood slow s but does not suppress the aging of en th^oc\^es 
stored at plus C It is to be expected that the longer the 
period of presen ati( n the larger the number of en throcv tcs 
uhich \ ill be rapidlj destro\ed after transfusion This be 
comes e\en more significant when bigc amounts of blood are 
transfused at anj one time 

4 The addition of glucose solution makes the technic of 
blood coIIecQon somewhat more complicated as it is neces 
sary to sterilize the solution of glucose and that of sod um 
citrate separatel) and rmx them before the blood is collected 
under aseptic precautions 

5 In hospitals m here the number of dail> blood transfu 
sions IS large the need for presen ation of blood for a penod 
longer rhan fire dj>s is nor uigenr 

6 Presen ed blood is not recommended for the treatment 
of infections and of certain hemorrhagic diseases 

Other reasons militating against the umiersal adoption of 
blood-glucose mixtures are to be found in the foIIoMin^' 
paragraphs 

The F pos f B1 d Be kt d th R | t f fh U f Wh I 
Bl d 

Blood banks si ere instituted and are maintained mainl) ( 1 ) 
to take care of emergent whole blood transfusions (2) to 
simplif) and better the transfusion sen ice 

\\ hole blood transfusion appears justifiable as an enter 
gency Iifesai ing procedure in but n o conditions (a) poison 
ing from substances s h cb render hemoglobin incapable of 
earning Oxsgen (such as carbon monoxide) (Z) cases of 
sev ere hemorrhage w ith shock in \ hich the hemorrhage con 
tinues at rhe time of treatment 

Oinceming ( ) the blood bank facilitates \ hole bio d 
transfusion because of the r^ular hours in \ hich blood mai 
be collected so that trained labnrat n technicians ma) at 
tend to collection nTJing and erolcigic studies m an orderh 
manner and \ ^th the best poss ble tcchnic 

If one considers cnticalh the recor! of the a crage ho 
pital o\cr a penod of a )e3r the ca es of bona fide cmer 
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gencies requiring whole blood transfusions are relanvel> few 
In our institution they are wcU below 5 pet cent of the total 
amount of blood transfusions gtt en in a y car that is less than 
twenty 500 cc doses of blood a year 
The experience of many hospitals where plasma banbs have 
been instituted has been a definite progrcssiv e decrease m the 
relative and/or absolute number of whole blood transfusions 
Thus in the Ilr\n Mawr Hospital the percentage of blood 
donations used as whole blood for transfusions has decreased 
as show n m Tabic 3 
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It appears necessary therefore to iwregrarc the fioiction of 
tie blood bank •uuh tie operation of plasma banks Since 
undiluted plasma is easier to prepare and to use and of more 
uniform clinical effect »n routine use it appears desirable to 
I repjre it fn m plain citrated blood m which plasma dilution 
b> anticoagulant has been kept down to a ininimum In other 
words It IS recommended that instead of trying to prolong 
the expected life of transfused erythroevtes by the addition 
if large quantities of ssotoroc glucose sdution to whole 
blood plain citrate solution be used for the preservation of 
blood Moreover the use of preserved blood should be lim 
ifed to five days At the end of each week, all the unused 
bloc d IS used for the preparation of plasma This method ’ 
IS in use in miny institutions and appears to w ork v ery sat 
isfactonlv It offers the benefits of a blood bank combined 
Mth those <f a plasma bank with the minimum outlav of 
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technical labor This is true of large and medium sized hos 
pitals 

Other considerations which ha\e \ery important bearings 
on the question of blood banks are the si e of tl e institution 
and the type of prei^ihng practice Small hospitals and hos 
pitals where the number of blood transfusions is rclativtl) 
small do not pro6c by the institution of a blood bank If a 
blood bank is instituted glucose containing solution should 
be used as presen am e For small hospitals the blood donor 
registry proposed bj l*ons appears admirably suited Bnefl) 
volunteer donors of the community served by the hospital 
are organized along the lines of volunteer firemen Their 
blood is carefully typed and the donors are penodically 
checked In case of need either for an emergency or other 
wise several donors of suitable type are available immedi 
ately In this ty^ie of institution blood plasma vv ill take care 
adequately of most emergencies Icav mg only v ery few cases 
in which an emergency whole blood transfusion need be 
done 
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technical labor This is true of large and medium sized hos 
pitals 

Other considerations which hate \cry important beann<^ 
on the question of blood banks are the si i of tie insutuuon 
and the type of pre'Jilwg practice Small hospitals and hos 
pitals where the number of blood transfusions is relam el\ 
small do not profit bj the insacuDon of a blood bank If a 
blood bank is instituted glucose containing solution should 
be used as presen am e For small hospitals the blood donor 
registr> proposed bj Pons appears admirablj suited Bnefl> 
\oluntccr donors of the communit) sened b\ the hospital 
are organized along the lines of \olunteer firemen TTieir 
blood IS carefulU tjped and the donors are periodically 
checked In case of need either for an emergency or other 
wise scieral donors of suitable ty^pc are available inimedi 
atel\ In this type of institution blood plasma will take care 
adequatch of most emergencies leanng only \ ery few cases 
in which an emergenev whole blood transfusion need be 
done 
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PLASMA AND SERUM AS BLOOD SUBSTITUTES 

STUART MUDD M D t 


EARL W FLOSDORF Ph D J 

Thl pnncipal functions of the blood may be considered 
to be (1) oxygen and carbon dioxide transport functions 
uith \hich the hemoglobin and carbonic anhydrasc of the 
erythrocytes are concerned ( ) the clotting function m 
w hich among others the proteins fibrinogen and prothrombin 
participate (3) the immune function in uhich the mono 
evtes polymorphonuclear leuLoextes complement and spe 
cific and nonspecific antibodies found chiefly m the y glob 
ulin fraction participate (4) the osmotic control of uatef 
and electrolyte balance in the bod\ and (5) the transport 
of nutntive substances waste products hormones and tn 
rymes Problems involved m the transfusion of whole blood 
are outside the scope of this clinic 


THE RATIONALE OF THE USE OF BLOOD 
SUBSTITUTES 

The major interest which has developed recently m civil 
and in particular in military medicine regarding blood sub 
scitutes § centers about the emergenev treatment of sec 
ondary shock and hence about the osmotic control of water 
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meeii the volume of bleed ^nd the volume capacity of the 
vascular stream bed Thisdispantv if not compensated causes 
circulatory deficiency 

In traumatic shock and hemorrhagic shock and bums di 
rect loss of fiutd from injured regions may lead to circulatory 
deficiency (Cannon ) 

Compensation is accomplished through responses acti 
vated probably by impulses from the carotid sinus Activity 
of the sympathoadrenal system causes constriction of per 
ipheral arteries the discharge of reservoir blood from the 
spleen into the systemic circulauon and stimulation of the 
heart by sympathetic impulses m cooperation with the adrenal 
medullary hormone So long as the mechanism of compensa 
tion IS effective there is no marl cd decline in the blood pres 
sure but the latter is maintained at the expense of v olume 
flow to peripheral organs which is reduced markedly This 
stage of shock can sometimes be recognized by the presence 
of hemoconcemration A progressive decline m the blood 
pressure signifies that compensation is failing and that the end 
is near It is a si<rn of departed opportunity 

Capillary atony in extensive areas reduces both the total 
and the effective blood volume and leads to a reduction of 
the \ olume flow This reduces the delivery of oxygen to the 
tissues When the supply of oxygen falls below phvsiologic 
{units it augments the capillary atony Deficicncv of oxv gen 
below physiologic limits causes dilatation and hypetpetmea 
bility of capillary walls This effect introduces a self per 
pctuating quality which operates as a vicious circle and leads 
to irreversible changes 

Successful management of shod requires carlv rccogni 
tion and effective measures for breaking the vicious circle 
These will be directed toward removing the cause toward in 
creasing the blood volume and toward relieving anoxia 

The principal mechanisms which initiate this cycle of sec 
ondarv shock mav then be taken tt be (1) the loss of blood 
and plasma into the injured area (’) injury to capillary en 
dothelium re«ailtmg in a leaLa<'e of plasma protein and fluids 
from circulation into tissue spaces and (3) the tissue anoxia 
which results from inadequate arculanon whether brought 
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and electrolyte balance for the basic phjsiologic deficiency 
in shock IS reduction of arculatmg fluid volume and the pn 
mary consideration in its treatment is prompt restoration of 
adequate circulating fluid volume 

Seco d ry Sh ek 

The mam feature of present conceptions of shock is rec 
ognition of different varieties— hemorrhagic traumatic (with 
loss of blood into damaged nssues) bum shock (with loss 
of plasma through burned surfaces) and to\ic (from infec 
tion or from poisons arising m dead or dying tissues) In all 
these conditions the central fact js a loss of blood volume 
below the nunimal capacity of the sy stem v\ hen the compen 
satory adjustments fad In the first tu o ty pcs of shock men 
tinned above hemoconcentration does not occur pnmanly 
then the circulation fails or is failing the capillary count 
(dermal) is found high In shock from bums hemoconcen 
tration is routine as would be expeaed In toxic shock hemo 
concentrauon may be present early (Cannon ) 

—Secondary shock may result from extensive 
operations from the severe injuries of end accidents or mih 
taiy wounds or from burns severe infections profound in 
toxicattons and other cond tions Loss of blood emotional 
stress prolonged exposure to cold and phy sical and nervous 
exhausuon may all be contributing factors The cycle of de 
ranged funcuon that characterizes the shod state ultimately 
involves loss of fluid and plasma proteins through the endo 
thelium and tissue anoxia (oxygen deficiency) Unless this 
vicious circle can be broken circulatory failure and death 
ensue Mechanisms involved havebcensummanzed by Moon 
as follows 

Endothelium is delicately sensitive to Jack of oxygen to 
metabolic products cytoplasmic substance bacterial toxins 
and to a videvanctv of chemicals and drugs When affected 
by anv such substances the endothelium becomes relaxed 
atonic and abno mally permeable to blood plasma The se 
questration of blood in dil ted capillanes reduces the effective 
blood volume and the leak^e of plasma into tssue spaces 
lowers the total blood volume This creates a disparity be 
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mentioned as earlv crittna in each case however difficult 
of clinical application Determination of the circulation time 
IS suggested by Necheles and Levinson as a diagnostic cn 
tenon Fall in blood pressure iiu> occur so late in secondar> 
shock as to be in Dr Moon s words a sign of departed op 
portunity 

Application of He if —The studies of Blalock and Mason 
do not support the custom of applying heat vigorously 
in secondary shock unless steps are taken sitnukancouslv to 
augment the reduced blood volume No matter hovv shock 
IS initiated the ultimate cause of detenoration is penpheral 
stagnant anoxia t e lack of sufficient oxvgen to maintain 
life in the cells of vital structures at ordinarv temperatures 
It IS clear that two approaches to this dilemma may be made 
The oxygen supply to the tissues can be increased to meet 
the existing demand or the demand for oxygen can be re 
duced to meet the existing supply Hypothermia by lowering 
the rate of metabolism reduces the tissue requirement for 
oxygen It might be said that means to elevate consid 
crably the skin temperature of the patient m shock should 
be used with caution if at all Much more important is the 
augmentation of the reduced blood volume by the intro 
duction of whole blood or pUsma after which warming w 
less apt to bring about an intolerable reduction in the effec 
tive volume of circulating blood 
Some confusion regarding the application of heat to pa 
tients in shock has no doubt resulted from insufficiently clear 
distinction between the physiological states and needs of pa 
tients m primary and m secondary shock Following a se 
vereiniury so called primary shock frequently occurs This 
IS really a condition of vascular collapse in w hich the tone 
<f the peripheral vessels is diminished reflexly as a result 
of nervous or psychic stimuli The vascular bed is dilated 
to such an extent that the volume of blood becomes insuf 
ficient to maintain an adequate venous return to the heart 
and thus an adequate output to the penpherv It may be dif 
ficult to distinguish this form of collapse from true secondatv 

shock therefore all patients admitted with a feeble pulse and 

lowered blood pressure should be treated immediately for 
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about by low ered blood pressure or by reflex vasoconstnc 
non 

The nature of the mpiry to capilhry endothelnnn has been 
under actite discussion since World War I the particular 
point at issue being whether or not a toxic product or prod 
ucts formed at and absorbed from the area of injury is re 
sponsible for the minal injur\ to endothelium Expenmental 
evidence which seems to the reviewer favorable to this h> 
pothesis has been contributed bv Cullen Schccter Freeman 
and Laws ’ these experimenters were able largely to control 
fluid loss into the sire of in;ur> b> taping the limb which was 
subsequent!) injured in animals in which reflex vasocon 
stnction was prevented by an -inrecedent sympathectomy 
second irv shock nevertheless ensued Solandt and Best were 
able in some but not all experiments to produce progressive 
circulatory failure m animals cross transfused with animals 
m shock Moon has been able to produce secondary shock 
by means of sterile finely ground muscle pulp implanted in 
the pentoneal cavity C^h mjurv or blood flow through 
a region long ischemic (leg) has demonstrated the reaJitv of 
a toxic factor in these conditions (Cannon) 

The long controv ersy regarding the e i tence or nonexist 
ence of a product of injury toxic for endothelium seems then 
to the reviewer ro be near agteemenx in the aflirmanve Cer 
tainly no such satisfactory outcome can be claimed at present 
however for the attempts to establish the identity of such 
toxic product or products Potassium has been su gested 
but the consensus seems to be that increased blood potassium 
IS more probably a late result of tissue anoxia than an initiat 
ing cause of shock Histamine or a histamine like substance 
have been suggested but without satisfactory evidence Iden 
tification of this cicculat ng product or prod cts to ic for 
end irheJium remains a central unsolved problem of shock 
Recognition of Incipient SI ocL —\noiher problem under 
active investigation and discu on is that of earlv eeogni 
non of incipient shock Hemoconc ntrati n as estimated fr m 
hematocrit or hemoglc bin d tcmunati n recogn ed as a 
useful earlv si"n f impend g shock but is not in anable 
Fall in muscle ten peranire and lecre sed plasm v ol me are 
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ratus‘ currently used for dole's frozen state have 

been descnbcd under the terms lyophile cryochem 
desiv ac and adtev ac In each of these processes the plasma 
or serum is frozen and then desiccated m a vacuum at a rate 
sufficient to keep it frozen by the continued cooling incident 
to loss of latent heat of vaporization The procedures differ 
essential]) in the means used to remove the water vapor 
evaporated from the material undergoing desiccation In the 
lyophile process the water vapor is condensed as ice m a 
bath kept cold by dry icc or by specially designed low 
temperature mechanical refrigeration in the cryochem 
process the water vapor forms a hydrate with Drientc a 
specially prepared regcnerable calcium sulfate desiccant in 
the desiiae procedure the water vapor is trapped m the oil 
of the large vacuum pumps used whence it is continuously 
separated ^ centrifugation or other specially designed v apor 
or steam ejector pumps are utilized in the adteiac pioccs^ 
the water is absorbed on mechanically refrigerated silica gel 
Desiccation may be carried out in the final containers or in 
bulk With subsequent transfer to final containers most opera 
tors prefer the former because of diminished nslc of con 
taminauon and a greater ease of measuring and transferring 
liquid as compared with desiccated hydroscopic matcnal 
Equipment is available on any scale from that for dcsicca 
non of a single container to that for plant scale production 
at the rate of many thousands of containers per week For 
small scale operation the dry ice lyophile or dnente types 
of equipment are more economical the mechanically refng 
crated lyophile the desivac and the adtev ac equipment are 
all designed for larger scale operaaon 
Preservation m the frozen state can have advantages for 
hospital use here transportation is required particularly 
under adverse conditions desiccation from the frozen state 
has been accepted as the method of choice In conditions 
where a hypertonic solution is required desiccation provides 
the means w hereby the solidsmay be restored with an amount 
of water less than that of the ongmal volume of plasma say 
one quarter or one third of the ongmal volume 
Preservation m the frozen state utilizing equipment for 
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colbpse This treatment imolves administering morphine if 
there is pain getting the patient warm uith blankets and 
sometimes hot fluids and putting the patient m shock position 
with the feet cleiated because gras its plavs such an impor 
unt part in the pooling of blood If the patient does not 
quickl) impros c under these conditions true secondary shock 
IS probafal) present (Janeway ) 

PRESERVATION OF PLASMA AND SERUM 
Since the natural ph% siologica! correcmcs of shock are 
human blood plasma or serum it is appropnate to consider 
the forms m which plasma and scrum arc prescr\ed and dis 
rnbured for use 

Four general metht ds of preservation of plasma and serum 
maj be discussed (I) storage m the liquid state at rcfnvera 
tor or room temperature with or without chemical preserva 
twc (’) simple denccation (3) tacuum desiccation from the 
frozen state (4) prescrtation m the frozen state 
Prolonged stonge in the hgutd state has the senous limita 
tions iinc chat thevanousentiaesmtolved in the clotting and 
in the immune mechanisms undergo progressive deterioration 
and second that should any break in the sterile technic 
occur bacteria ma% sunne and e\cn multiply despite refng 
eration and the presence of chemical presets am es For short 
time storac'C or unJer conditions m which rigid asepsis can 
be assured ho\ ever liqu d storao'e offers obwous advants es 
If stored plasma is to be mjected mtra\ enoush provision for 
first filtering out fibrin should be rnade 

\ anous technics of simple desiccation ha e been described 
and tned out In general it may be sa d that the plasma pro 
terns are not compi tch protected bv such procedures from 
alterations including denatuiaUon of protein and reduction 
in solubility Simple dcs ccation does not seem to offer enough 
in point of con en cncc to compensate for the deterioration 
in plasma proteins w hich occurs and such methods ha e found 
little application 

\ acuum desiccation from the fro en state and presena 
tion in the fro en state are the methods of choice for pr 
Ion«d presen ation ^cr 1 types of p ocedurcs and appa 
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lations are in each case specialized in ways appropnatc to 
their special functions In particular ic has recently been 
pointed out by E J Cohn ® that serwn albmim possesses dis 
nnctne properues which adapt it for the osmotic control of 
w ater and electroly te balance in the body Serum albumin has 
relatively great solubility and stability in solution its solu 
tions have relatively low \iscosit> and molecules of albumin 
are of relatnely symmetrical sVmpe and charge distribution 
small size and high net electrical charge By special meth 
ods serum albumin may be punfied and prepared m crystal 
line form 

Janeway and others ha\e made considerable progress in 
the climcal evaluation of human serum albumin for the relief 
of shock Results are extremely promising both as to efficacy 
and hamilessness Evalution of solutions of crystalline bovine 
albumin are also in progress Questions of possible allergic 
and anaphylactic complicauons obviously require meticulous 
investigation with bovine albumin progress thus far is re 
ported as very encouraging 

Other substances under investigation as blood substitutes 
are autoclaved solutions of peettn which have been reported 
favorably by Hartman Schcliing Harkins and Brush on 
the basis of laboratory and climcal trial a special preparation 
of gelatin called isinglass reported b\ Taylor and W aters 
and gelatin prepared from bone collagen 
Although protein digests are not blood substitutes m the 
sense of serving for the immediate restoration of blood 
volume m the emergency treatment of shock it is not un 
hkelv that they may assume importance as supplements m 
the more prolonged treatment of hypoproteinemia whether 
resulting fr m trauma or undemutntion Whipple and his 
associates hav c reported that certain casein digests vv ith av er 
age molecular weight of around 500 given to dogs bv vein 
or subcutaneously are as effcaive as protein bv mouth in 
build ng ne v pla ma protein and when protein cannot be 
eaten the digest can v holly replace food protein for manv 
w eeks It mav be that casein digests can be used w ith profit to 
supplement plasma infections or even to replace the intra 
venous plasma when the acute emergenev is passed 
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frozen foods has been paracularl} recommended by Strumia 
and bv Elfiort Strumia Hoards the following technical 
points as essential (1) fairly rapid freezing (freezing time 
not to exceed three to slx hours) ("’) maintenance in stora e 
at a safe Ie\el below freezing (3) rapid tha\ ing and \ arm 
ing to room temperature in the water bath at 37 C with 
occasional gentle agirauon 

Electrophoretic patterns of plasma and serum hich are 
delicately sensitw e to alterations in concentration or ph> sico- 
chemical properties of the proteins are reported by Scudder* 
and by Curtis and Pembroke The original patterns are un 
altered by presenafion in rhe frozen state or by desiccauon 
from the frozen state after simple desiccation the patterns 
are altered 

It is gratifying to reahze that stores of Wood subsututes 
in the form of tacuum dncd plasma and frozen plasma were 
at hand even though not in adequate amount when the 
United States was hm attacked and these served v ell at Pearl 
Harbor It is also gratifying that the collection of human 
blood and preparation of blo^ substitutes has grown to enor 
mous proportions some 85 000 donations in Canada and some 
VS 000 donanons to the Red Cross in the United States hav 
mg been made up to June 194 The blood collected in 
Canada is being used to prepare serum vacuum dried from 
the frozen state (Best and Solandt ) and that in the United 
States to prepare smilarly vacuum dried plasma 

The importance of training medical officers and medical 
students in the pathologic physiology of shock bums and 
hemorrhage and in the use of blood substitutes and blood 
transfusion has recently been emphasized The procurement 
processing and use of human blood plasma hav e been dealt 
with in great practical deta 1 in a public t on prepared under 
direction of the Subcommittee on Blood Sobsr tutes of the 
National Research Counal 

OTHER BLOOD SUBSTITUTES 

Physicochemical studies of the proteins of th blood have 
shown that those m the several c tegones conce ned respec 
tivtly 'v«h respiration clotting immun ty and osmonc re 
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EXPERIMENTAL AND CLINICAL EXPERIENCE WITH 
BLOOD SUBSTITUTES 

The expenmcntal and clinical experience reported b) 
Mcdinger b\ Hill and Muirhead bj Strunua and AlcGrau 
Dliott and Marsh Kendnck and Ncwhouser Best Sobndt 
and Ridour bj Alahonex kingsles and Howland b> 
\ccheles and LcAinson b> Self and Scudder and by others 
has established be\ ond question that both human plasma and 
scrum are efficacious in the emcrgcncA treatment of shock and 
burns and in general in the correction of hypoprotememic 
states Either plasma or serum properly prepared and pre 
sened ma\ be used sarisfactonl> The relame advantages 
of hApenonic Acrsus isotonic plasma and scrum hate been 
much discussed* An obvious indication for hypertonic 
plasma or serum is shock complicated by head injurv Avath 
consequent cerebral edema increasing the osmotic pressure 
Avithin the sAStemic circulation withdraws fluid from the 
central nen ous sv stem Another special indication for hv per 
tonic plasma or serum is m nephrosis as a diuretic (Aldrich 
and Bojle ) In special conditions under which intravenous 
administration of blood substitutes is difficult injection into 
the marrow cav itA of bones has been recommended • 
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CONTINUOUS SPINAL ANESTHESIA IN ABDOMINAL 
AND THORACIC SURGERY 

WILLIAM T LEMMON MDt 
GEORGE W PASCHAL J MDt 


CLINICAL OBSERVATIONS 


Some of the disadvantages of the single dose method of 
spinal anesthesia are (1) failure of the drug to take or 
produce anesthesia to the desired level or degree C) the 
vv earing off of the drug action before the operation is com 
pleted and (J) tovic svtnptoms or even sudden death fol 
lowing the intraspinal administration of a large dose of a toxic 
drug 

Since April 10 19J9 when we gave the first continuous 
or fractional spinal anesthetic we have administered more 
than ■’000 entirel) satisfactory anesthesias by this method In 
this clinic we are giving some of our observations and im 
prcssions in those cases 

We have used novocain (procaine hydrochloride) as the 
anesthetic agent e believe this drug to be the least toxic of 
all drugs used in producing anesthesia by injection into the 
subarachnoid space Laboratory investigation and clinical ex 
perience support this statement Novocain is probabl> the 
shortest acting drug and lends itself well to the continuous 
method in which just sufficient dosage is used to produce 
vnesthesia to the desired level and degree the anesthesia being 
maintained as long as nccessiry bv adding subsequent small 
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fortable return tnp to bed with a dry warm skin The nurse 
has time to prepare a hypodermic of morphine and give it 
with the first complaints of pain This may be helpful in 
reducing our incidence of respiratory complications 
Safety and controllability are the two things we desire most 
in spinal anesthesia Sise has taught that the first thirty minutes 
of spinal anesthesia are the most dangerous It is during this 
penod that deaths and compbcations arc most likely to occur 
and especially is this true when a single large dose of a toxic 
drug IS administered \\ e behev e that by giving much smaller 
initial doses of the drug its safety is enhanced W hen the 
malleable needle is left in the subarachnoid space the drug 
can be rapidly recovered by withdrawing a sufficient quan 
tity (5 to 15 cc ) of cerebrospinal fluid if unusual toxic symp 
toms develop especially in those patients who are very sen 
sitive to the drug 

Our expenence indicates chat the toxic syvtptoim seen fol 
lowing injection of a drug into the subarachnoid space are 
not due to the drug that is fixed m the lipoid elements of the 
sensory sympathetic and motor svnapses producing anes 
thesia but are due to the absorption of the drug from the 
cerebrospinal fluid into the systemic (venous) circulation 
(This factor will be funher emphasized when we deal with 
spinal anesthesia used in thoracic surgery ) The respiratory 
center seems to be the most vulnerable to attack The heart 
may stop first owing to direct action of the drug on the heart 
When and if toxic symptoms of an alarming degree develop 
the first thing to do is to withdraw rapidly the cerebrospinal 
fluid containing the toxic agent The greatest concentration 
of the drug is in the vicinity of the point of the needle The 
nerves promptly recover from the anesthesia 

Spinal anesthesia is maintained by the drug that is present 
m the cerebrospinal fluid and when the concentration of this 
drug falls belov a definite level the anesthesia promptly 
wears off After anesthesia is established it takes relatively 
small doses to maintain it for any desired length of time If 
vv e arc doinf' senous technical operatn e procedures and it is 
important to maintain complete relaxation at all times we 
give an additional dose of 50 mg of novocain (5 per cent) 
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doses IS the\ are needed The change in the niethod of spinal 
anesthesia from the single dose to the fractional dose 
tcchnic. now places spinal anesthesia in the same category \nih 
other anesthesias administered b\ the continuous or fne 
tional dose method such as ether cyclopropinc nitrous 
oxide and mtras enous anesthesias 

e has e found that wC can %cithdra^ tl e irti from the 
nibjracJjnoid spice and }a e the patient reco er rapidly from 
the anesthesia Hus obserxation was first made acadentalh 
Nosocain (150 mg) was mrroduced b\ the continuous 
method and at the end of fi\e minutes anesthesia was found 
to extend to the xiphoid process Sterile dnpes were applied 
to the abdomen and file minutes after testing the anesthesi 
an incision was made whereupon the patient screamed wath 
pam and moted both legs After the test of the anesthesia 
the s>nnge contuning the unused nosocain had been placed 
m a stenie folded towel but m so doing the anesthetist had 
inadienentlj turned the stopcock thereby allowing the cere 
brospmal fluid contaimn<» the nosocain to flow from the sub- 
arachnoid space back into the s> nngc \\ hen the difficuln 
w as detected the plunger of the lO-cc s> nnge w as just read> 
to be forced from the barrel of the s> nngc The plunger w as 
returned promptl) to its ongmal markings the anesthesia 
w as promptl) reestablished and the operation w is performed 
under entirely sitisfictory anesthesia 
For many months we made use of this observation About 
fifteen to twentv minutes before the estimated tennmuion 
of the operation we would slowlv withdraw (usuallv b\ 
opening the stopcoeX) 5 cc to IS cc of cerebrospmil fluid 
Many of the patients were able to move their legs and help 
themselves from the opcratinf- table to the carrier when the 
operaoon was completed and the dressings applicl But we 
fotmd that they vert soffenng pain sw eating profuselv and 
compliirun bittcrlv before the nurses could return them to 
bed This was very undesirable pirticularlv when tra el ng 
b\ stretcher on cle ators and through hilK if the hospital 
>>ow mstead of withdnvnng the drug I v remov mg cere 
brospmal fluid, v e usuallv gi e about 50 mg of nov oca n at 
the complenon of the operation to insure the patient a com 
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of this size We have had anesthesia with 50 mg of novocain 
last for an operation that required one hour and fort\ five 
minutes 

After the initial injection of novocain subsequent injec 
tions of 50 mg each generallv are effectiv e for approximately 
thirt> minutes producing both motor relaxation and sensor> 
block By injecting small doses of novocain (15 to '’0 mg ) 
into the subarachnoid space we have been able to produce 
sensory block (anesthesia) without causing motor paraly sis In 
the case of an elderly woman w'lth a strangulated hernia we 
produced satisfactory anesthesia with ll) tng of novocain 
\\ e are of the opinion that bv using the continuous method 
of anesthesia it is possible to lower the morbidity and mor 
tality rates especialh in serious and prolonged surgical pro 
cedures 

IMOiCATlOHS 

Continuous spinal anesthesia by the technic to be descnbed 
has been used successfully by us in a wide variety’’ of opera 
tions on the thorax upper and lower abdomen and sympa 
thetic nerves in urologic and gvnecoiogic surgery obstetrics 
and surgery of the extremities It has been found to be safe 
and controllable and supplementary anesthetics are not 
needed 

In our senes approximately 100 opierations were above the 
respiratory diaphragm while 1900 were below it A few 
svmpathectomies consisting of the removal of the thoracic 
and lumbar ganglia required anesrhesia above and below the 
diaphngm We are ennreh satisfied with this anesthesia for 
all closed chest operations Jf the patients cough or have 
respiratorv difficultv we change to mtratncheal cyclopropane 
anesthesia In one case it was necessary to change to cvclo 
propane The t o anesthesias mav be combined in some in 
stances A\e have used continuous spinal anesthesia in prac 
ticallv all of our operations on the breast dunng the past eight 
months as for the removal of tumors biopsies simple mas 
tectomies and radical mastectomies There is much less 
bleeding le s shock and less renal irritation than when other 
methods of anesthesia are used The convalescence is im 
prov ed and shortened 
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solution e\er>' thirty minutes Othcnvise we wait for the 
initial or preMous dose to dio« signs of wearing off before 
we give an additional injection 
W ith one exception in our senes anesthesia w as produced 
to the desired level and degree and the operation was com 
pleted under spinal anesthesia The exception here referred 
to was a case m which the right middle and lower lobes of 
the lung were being removed for bronchogenic carcinoma 
nnd while sensorv anesthesia was present up to the level of 
the hvoid bone a persistent cough induced b\ the inci 
dental ii pging on the bronchus could not be controlled In 
this instance cj clopropanc was used for this part of the opera 
non In no other case w as a supplcmentarj anesthetic neces 
sars There w ere no anesthetic fatalities and no neurolomcal 
complications Toxic svmptoms were promptly controlled by 
withdrawal of the drug by npid aspiration of spinal fluid 
(3 to 15 cc ) and b\ giving inhalations of oxygen 
As mentioned no ocam because of its shorter acuon and 
greater safety has been the drug of choice for producing 
spinal anesthesia by the continuous technic Other drugs 
which ha e a more prolonged action arc also found to be 
more toxic There is no reason however why any drug or 
combination of drugs used in producing spinal anesthesia can 
not be used by the fractional dose serial injection or 
continuous method They should be safer w hen administered 
by this method than by the single dose technic since the 
patient is exposed to smaller amounts of the drug and be 
cause the drug can be recovered by aspiration of a sufficient 
amount of sp nal fluid containing it should alarming symp 
toms de clop and make this action necessary 
W e hav e found that novoctin produces anesthesia promptly 
w hen introduced n sufficient quantitv into the subarachnoid 
space of the spinal cord It nkes approximatelv ninety seconds 
to relieve pain complcrelv and produce muscular relaxation 
vhen It is gi cn m subseqnent injections \\ c feel that each 
patient is a case unto himself and that each his an individual 
response to no\ ocam \\ e haveobserved an instance m v hich 
the anesthetic acnon of no ocam disappeared fifteen minutes 
after a 100 mg dose and subsequently after additional doses 
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EQUIPMENT AND ADMINISTRATION 


Figure 530 illustrates and descnbcs m detail the equipment 
for continuous spinal anesthesia 
The patient is placed on a specially designed mattress and 
a very flexible special alloy lumbar puncture needle is m 
serted into the subarachnoid space where it remains dunng 
the operation This needle is connected to a syringe by means 
of a 30-inch piece of rubber tubing (thick walled and small 
caliber) which is protidcd with LuerLok connections at 
both ends 

The rubber co\ ered mattress (Fig 530 VI a) has a cut out 
area 7 inches m length that comes under the lumbar spine 
when the patient is supine There is a break in the center 
of the mattress so that the part which supports the legs may 
be detached for perineal operations Provision has also been 
made to break, the lower part of the mattress to allow the 
feet to be dropped when deep Trendelenburg position is 
desired (Fig 530 II and \ I <t ’ 3) If an abdominal operation 
follows the penneal operation the patient mav be pulled back 
into position and the lower half of the mattress replaced and 
made secure with scraps and buckles (Fig 530 VI <i 1) 
The spinal puncture is made with the patient m the left 
lateral decubitus position so that his back is toward the side 
of the mattress w ith the gap m it The malleable special alloy 
needles are made m three si7cs 17 18 and 19 gauge We 
prefer 18 gauge needles The site selected for spinal puncture 
depends upon tlic site of operation— the second or third for 
upper abdomiml procedures the third or fourth for lower 
abdominal operations and the fourth or fifth for operations 
on the perineum rectum and lower extremities 

\ Sise introducer is used to puncture the skin On with 
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pitient complains of abdominal discomfort or pam Just as •« e 
would add more ether under similar curcumstances to pro 
duce relaxation during inhalation anesthesia when this occurs 
during continuous spinal anesthesia wc give a small addiuonal 
dose of novocain usually 50 mg \\c have noted that it 
takes approximately ninet> seconds for this added dose to 
exert its full effect \Ve now give these additional doses in 
longer operativ e procedures at fairly regular anticipated m 
tervals (usuall> c\ cr> thiny to forty minutes) and arc pro 
vided with uninterrupted ideal operating conditions through 
out the operation 

preoperative medication 
We consider the preoperative medication to be of great im 
portance On the evening before the operation the pauent 
receives 3 grams of nembutal by mouth Three hours before 
operation the patient is given a second dose of 3 grains of 
nembutal One hour before operation a h>podennic of V* 
grain morphine and 1/100 gram of scopolamine is given If 
the sedation is not sufficient Vi gram of morphine is given 
intravenously or h> podcrmically as often as is necessary dur 
ing the operation By using proper sedation the patients are 
Spared the unpleasant memories sometimes accompanying 
such an experience Most of them sleep throughout the opera 
tivc penod and afterward for man> hours 

COMPLICATIONS 

During long and difficult procedures an intravenous injec 
non of 10 per cent glucose solution is given via a vein m the 
leg These patients also receive a blood transfusion at the end 
of operation if it is indicated \\ e make an effort to prevent 
and combat shock rather than wait until its onset before treat 
ment is begun 

The I load presfure is controlled mainly b> control of the 
dosage of the drug Bv giving a small iniml dose and adding 
subsequent small doses is needed marked drops m blood 
pressure are prev ente \ 

Ttie reason ( r the ccurrcncc of feadjche following 
spinal ancsthc I rcimms ob cure e Im e had this complaint 
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drjwal It leaves a track for the soft malleable speaal allo> 
needle to traverse \\ hen the cerebrospinal fluid escapes from 
the liuh of the needle 3 lO-cc Lucr Lok springe js connected 
with It and enough fluid is withdrawn to make up a 5 per 
cent solution Novocain is dispensed in 300- and 500 m 
ampules For estimated short operanons we use 500 m of 
novocain dissolved in 6 cc of cerebrospinal Huid and for 
long operations we dissolve 500 mg of novocain in 10 cc 
of spinal flmd making a 5 per cent solution in cither case 
which contains 50 mg per cubic centimeter 
The syringe is disconnected and the needle i plugged by a 
Luer Lok plug to prev ent the loss of spinal fluid The sj nngc 
with the stopcock attached is connected to one end of the 
30 inches of thick walled small bore rubber tubing The 
stopcock IS opened and 2 cm of the mivture is forced into 
the tubin" thus d splacing the air and completely filling the 
tube Then the stopcock is closed The Luer Lok connection 
at the opposite end of the tubing is securely connected to 
the needle which was lefc m the spine The stopcock is 
opened and to 3 cc of the mLxmrc is introduced into the 
subarachnoid space and the stopcock is closed 
\\ ith the needle left in place the patient is gently turned 
on his back s that the needle points downward in the center 
of the gap in the pad It should nor touch the table or mattress 
at anv time The patient should be kept m a 5 degree Tren 
dclenburg pos tion dunng the induction penod WTien the 
hcif^lif of anesthesia is tested and the desired lev el is not ob 
tamed in ten minutes an additional injection usuallv of 1 cc 
of the solution is made The height of the anesthesia can be 
extended and controlled by the following means position of 
patienr i « lumcrric dilution of anesthetic agent (harbotagt) 
rate of injection and total dosage of drug 
Once anesthes a is obtained it u easily prolonged b) small 
venal injections v hen needed and w e ha e a set up com 
parable to the one evistu^ when ether is gi en by the open 
drop method or w hen pentothal sodium is gi en bv the frac 
tional dose intrav enous technic As the anesthesia begins to 
V ear off the fact is indic t d hen the intestines I ecome less 
contracted the abdi nun 1 muscles grow more tense and the 
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following simple operanon but most patients subjected to 
longer operations had no subsequent headache Our incidence 
of headache is approximately 3 per cent which is about the 
same as we liad by the former single injection method We 
call attention to the fact that we had 150 consecutive cases 
m which there was no postoperative headache In most in 
stances this complaint is rebeved by the use of aspmn or by 
low ermg the head of the patient 
There is no greater incidence of uTUixry retention with this 
method than w ith the ordinary method of spinal anesthesia 
There were no motor or sensory disturbances no cranii! 
nerv e palsies or other neurological phenomena A number of 
these patients have been obsened for more than three vear 
There were no anesthchc deaths 


SUMMARY 

1 Some of our impressions and observations are given on 
000 cases m which operation v as done under continuous 

spinal anesthesia 

2 We hav e discussed the technic empi y ed in the use of 
this method 

3 W^e ish to en phasize the controllability and safety of 
this method 

4 W e feel that the morbid tv and mortalitv can be lov 
cred by the use of continuous spmal anesthesia 
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SURGICAL DIAGNOSIS IN THE MENTAL CASE 
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The ever increasing tension of our rimes ^\lll in ail prob 
ability give rise to a corresponding increase in the incidence 
of mental disease Certainly we may expect an increase in the 
psychoneuroses and the hysterical t> pes of disorders as well 
as in the precipitating causes of major ps\ choses with a cor 
respondingly higher incidence of the latter The mimicry 
of s> mptoms of true organic so^ical lesions seen in mental 
patients often confronts the surgeon with diagnostic di 
leminas which test the acumen of the best clinicians It is not 
uncommon to operate upon such a patient only to find pres 
ent no pathological lesion to account for the s> mptoms On 
the other hand the chagrin is even greater vvhen a disorder 
IS considered to be a manifestation of the patient s mental 
condition and later it is proved to be organic in nature 
Errors which we have made and have seen others make 
in diagnosis of the presence or absence of organic lesions in 
the mental case have sharpened our interest in this subject 
This alon" with the apparent increasing incidence of such 
cases led us to believ c that it w ould be w orth while to review 
a number of case histones with the hope of being able to 
formulate some rules whidi might be used to advantage in the 
diagnosis of surgical lesions m the patient suffering also with 
a diseased mental state 

To further justify our endeavor are the autopsy findings 
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Case I we!! demonstrates the \alue of such an approach 
and a possible mechanism for the production of symptoms 

Case 1 -1 he patient is a fmt) five year Id hire male giving 
a history of having had a sodden onset of crainpi lower left 
abdominal pain accompan cd by vomiting earlier in the da\ He 
I ad had no bowel movement snee the previous dav 
Physical examination revealed a mi idle aj,ed wh te male who 
appeared acutels lU v itK severe abdominal pun His forehead 
was covered with beads of perspiration Tic sk n was cold and 
clammy The blood pressure however \ as rather h gh (170 mni 
of mercury systolic and 100 diast Ic) Ihe abdomen wa 
moderately distended Right herniorrhaphy and appendectom 
scars were present There as marked tenderness of the ent re 
bdomen but no definite localized rigid ty Pctistals s as hyper 
active Temperat re was 98 F on admis ion but r ise t a hipli 
as 101 F before operat on 

Utinalyss w s negative White blood ells numbered 16 >00 
\ ith p Iv morphonuclcars 94 per cent Iv mphoev tes S per cent 
ind monocy tes I per cent 

A sc ut film of the abdomen confit ned the cl n cal imy ress on 
of intestinal obstruction h n several small stepladder shai 
(ws ere demomtr ble m the left upper and right lover 
v^viadra ts 

The patient V s treated svmptoimticallv forti enty f iirl ir 
ith Uangenstcen suet on and meraven us fl iiiis bit when he 
f led to show a y in pr nt n explor t r\ 1 parotomv \ a 
lone Operation revealed n th ng to c nt fo h s sympt ms 
and th abdomen \ a cl sci 

H convalesctn as one ml le ept fn the dev cl pn ent 
f n merous other s\ mpt ms of I j e natu c hich ell es 
tibhshed the d acnosis of a neurosis before he left the ho pira! 

In this ca c n psvchutnc consideration was given until 
after operation Had this been done surgery might hav e been 
avoided It is most interesting to note how do ely n func 
nonal disorder can mimic a true organic lesion There was 
\ ray evidence ot a mechamcal obstruction associated with 
in elevation of temperature and a Icukocvtosis Can these 
findings be explained on emironniental influences on the 
psvche leading to abnormal function of the vegciatiie ner 
voussv tern and finilU manifested in sviiipti ms as in this case 
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from our psychopathic wards coNcnno' a five\ear penod 
ending December 31 1940 Dunng this time there was a 
total of 13 746 admissions There were 1634 deaths gi\in 
T mortality of 1 1 8 per cent Of those patients \ ho died 75 1 
(45 9 per cent) were studied at autopsy In re\ie\ ing these 
751 cases we found that stirgery x^ould bne been life sj nnz 
in 75 (■> per cent) h\d the correct diagnosi been made be 
f( re death This per cent docs not include a large grt up 
( f silent malignant lesions in aged puients where the cause 
for failure m diagnosis IS ob\ lous Mist f these patients pre 
sented acute sui^icil emergenaes o\ erlo iked because of the 
masking psychosis W e feel that this fii^ure is st'^mficant and 
an attempt should be made to lower it 

Imp tc f Pyhi C d f fthSgcIPll 
The p ychotic pauent is as much a human being a is his 
n )npS5chotic brother but t diagnose his pinsical mfirmines 
the surgeon must also be a psychiatrist of a sort himself 
Such an individual can best be considered as a \ hole with 
malfunction of certain of his puts th s malfunction beintr m 
the h ghlv speci liied nervous svstem hich is vulnerable to 
a great variety of en ironinental stimuli that are frequently 
overlooked by the surgeon who is accustomed t dealin 
only with localized organic Icsons These seem nglv insi 
n ficant factors inav ha e tremendou effect on the patient s 
psyche which in turn nuy produc e en greater effect on 
his bodilv functions and ultinutelv b man fe t in sy mptom 
simulaung organic disease TTie multiplicitv of scars v hich 
w c see on the abdomens of mentalh 11 p tients p rticularly 
psychoneurotics speak for thcmsci es The ^ns and ymp 
tons V hich th sc function 1 disord r presented in t have 
con meed s meo e as being organ c in n t re or the opera 
uons w ould nev er ha c been done It seem that s me of th s 
unnecessarv surgery could be av oided if m ar t n e as take 
for psy chiatric cons deration of the pan nt mt ad of simplv 
cvaminint' the region m question as is t o fr quentlv d ne 
Ebaugh and M itt in ccent papers hav e stres. ed th impor 
tance of this psv ch itr c djunce to the e\ minat n of e erv 
surgical patient 
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Case I Mell demomtraies the xnlue of such an approach 
and a possible tncchatiism for the production of s> mptoms 

Case I -The patient is a fon> fise ) car old \ h te n ale giving 
a history of having had a sadden onset of cramps lo i er left 
abdominal pain accompanied by somiting earlier m the day He 
had h d no bon el movement since the pre lou dav 
Physical exam nation re ealed a middle aged white male \ ho 
appeared acuteU ill with se\erc abdominal pun His forehead 
was coiercd with beads of perspiration The skin \ as cold and 
clammy The blood pressure howcaer % as r ther high (190 mm 
of mercury s\st he and 100 d stohe) fhe abdomen as 
modcrateh d stended Right hemiorrhaphv and appendccton % 
scars were present There was marked ten lerness of the entire 
abdomen but no definite locahzedi r gidits Peristalsis as V \ per 
acti e Temperature was )9 F on adm sson but rose i as h gh 
as 101 F before operation 

Cm lysn \\ s negative Whle blood cells numbered 16 700 
uiih p 1\ morph nuclears 94 per cent Ivmphncvtcs S per cent 
and mo ocvtcs I per cent 

A. stout film of the abdomen confirmed the chmeal i wptession 
of intestinal obstruction when se eral $m 11 stepladder shad 
‘"s sere lemonstrablc m the left upper and right lover 
qu dfants 

The patent as treated vmptomaiicaU} for tv entv fourh u s 
ich IVangensteen suction and imravcnnu fl uds bit hen he 
laiJed to sho any impr ment an c plo atory laparotoinv v s 
lone Operation revealel nrthing to acc u t frr his svmptom 
and the abdomen was cl sed 

His convalescence s unevemf I except f r the develop lent 
' ["*"^yous other sy mptoms f Urarre nature which well es 
tabi shed the d gno of a neurosis before he left the hosp til 

In this case n« ) schiatnc consideration was given unril 
after operation Hid this been done Surgery might hive been 
avoided It is most interesting to note how closely a func 
Honal disorder can tmmic a true organic lesion There w as 
'‘ray evidence of a mechanical obstruction associated vvirJi 
’n elevation of temperature and n leukocvtosis Cm these 
hndip be exphmed on environmental influences on the 
ps'the leading u abnormal functions of the vegetative ner 
vuu svstem an 1 finallv manifested in sy mptoms is m this ci c 
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It seems logical since we knou the higher centers arc closelv 
related to the s> mpathctic and parasympathetic systems and 
they in turn arc related to intestinal motility bodily thermal 
control and e\ en composition of the cellular elements of the 
blood The effect that emoaonal disturbance ma\ hate in 
producing anorexia diarrhea and unnary frequency is com 
mon knowledge Electric stimulation of areas of the monkey 
brain has been shown by Warts to produce simultaneous m 
tussusception of the small intestine If psychic disturbances 
and electric stimulation of the cortex can be considered to 
hat e anv similanty then such a mechamsm seems possible 

Case II IS similar m many respects 

Case If —A thirty y ear old w hire male w as con icted a d sen 
tenced to the PI iladelpha County Prison on June 11 1937 for 
p ssing a bad chock Soon after adm ssion he attempt d su ctde 
but mental observation for a short period elicited no bnormal 
find gs and he t as permitted to return to his usu I cell and to 
ork as a clerk m the pr son omm ss r\ His cou as un 
etemful unnl the nght of October 11 1938 1 en he hid an 

acute onset of head che nd tom t <' Pa alys s of the I ft upp r 
nd lo er extrem ties t as noted on the following m min» Be 
cause of th pets st nc of this paraly sis h $ tr nsf rred to 
the Ph ladciphia General Hosp t 1 fe dys later t th less thi 
two months of his p is n teim remaining 
On admis on he gate as a chi f compl int a str ke of tt o 
eeks duration S> stemic rev c v a es nt U ncgativ except 
for numerous gastro ntest nal complaints hich h d been pre 
nt for se cral years These cons sted 3 rgelv of att ks of n u 
sea and omiting associated \ ith ga c us d stention a d b Ich g 
hich seem d to b b might on by cat ng g > or f tty foods 
There h d been little pain assoc ted t th his t pt ms e cept 
that recently he had had a feeling f soreness i the hr upp r 
q adrant At the time of admisson ho ever he mplained 
nly of the p ralysis of his left rm d I " 

Physic I min tonr eld fiedp ralt s s of th left 
arm and leg long t th complete sensory 1 ss th d The 
p esence of a questionable rght faci 1 kne s a th nly 

f ctor which pretented making diagn f hvsten or eve 
utn ht malingering All labor tory rud e neg t e 
As time t ent on the patient slo ly reg in d u e f h arm 
nd leg On November IJ 1938 h dev I ped y t nton 
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and had to be catheterized 900 cc of urine being removed Cys 
toscopic examination on the following day revealed no cause for 
this sudden retention 

Three da>s later the patient suddenly de\ eloped severe right 
ep gastric pain v\ iih tenderness and rigidity in this area His 
temperature rose to 103 F Leukocyte count was 17 600 vith 
pol> morphonuclears 85 per cent and lymphocytes IS per cent A 
scout film of the abdomen showed no evidence of perforated 
iscus but desp tc this a laparotomy was done immediately with 
a preoperative diagnosis of perforated duodenal ulcer Opera 
non revealed no evidence of perforation or any other intia 
bdominal lesion H s postoperative course was totally unevent 
ful and h V as d scharged back to prison in good condiuon 
The psychiatric consultant felt ihac this was a case of comer 
s onal hysteria He had a great sense of guilt because of his cr me 
and feared to face the world again He had not considered a 
shortening of his prison term which he v as eligible for in view 
of h s good behavior He seemed to have a sense of protection 
in prison v hich was in conflict with what would happen to him 
after leaving 

Here was a patient who presented a senes of hjstencal 
manifestations the last of which simulated a perforated ulcer 
Can we again postulate psychic trauma acting through the 
vegetative nervous system as the explanation’ 

In the psy choscs a somewhat different problem is encoun 
tered The psy chosis instead of being obscure dominates the 
picture and the underlying organic disease is frequently over 
looked The patient has been comrratted to a mental institu 
non because of psychotic symptoms and his organic lesions 
are simply nev cr diagnosed This failure in diagnosis is largely 
because of the lack of subjective complaints Frequently a 
psy chotic patient w ill gn c no signs or sy mptoms to lead any 
one to suspect lus being iH until he is nearly in extremis It 
will then be too late to render curative therapy 

HISTORY 

Everyone is aware of the unreliabilitv of the historv given 
by the psy chotic patient We must not disregard his com 
plaints however but weigh them carefully with a reliable 
history obtained as soon as possible after admission from 
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It seems logical since \\c luiou the higher centers are closel> 
related to the sympatheoc and parasympathetic systems and 
they m turn are related to intestinal mo^ity bodily themiil 
control and e\ en composition of the cellular elements of the 
blood The effect that emotional disturbance may base m 
producing anorexia diarrhea and urinary frcquenc\ is com 
mon know led<»e Electric snmulation of areas of the monkey 
brain has been shown b\ \\ arts to produce simultaneous in 
lussusceprion of the small intestine If psvchic disturbances 
and electric stimulation of the cortex can be considered to 
has e any similarity then such a mechanism seems possible 

Gise n is similar in mans respects 

C»SE JI — \ thirty year old «h«e male i as c nv cted and sen 
tenced to the Phil detphi Countv Prison on June II 19J7 for 
passing a b d check S on after admission he attempted suic de 
hue mental obsen aaon for a short penod el cit d no abnormal 
find ng and h v as perm ned to return to his usual c 1! and to 
ork as a clerk n the pnson comnussarv H s c urse as n 
eventful until the night of October 11 19J8 hen he had n 
a ute onset of headache and v mitine Paralysis of the left upp r 
and lo er cxtremiues was noted on the folio m morning Be 
au e of the persi t nee of this partly ss h s transferred t 
th Philadelphia Gcncr 1 Hosp tal a f d \ s lace ith less than 
n o months of h s prison term ma n ng 
On adm ss n he ga e as a chief ompla c a tr kc of n o 
eeks duration System c rev lew a s cnoalJy gat c e c pc 
for num rous gast o mtesunal complaints hich had b n pre 
ent for several years These consisc^ largelv of acta k of n u 
sc and vomion" assoc ted \ ith ga s d st ti n and belchi 
vhich see tied to be brought on by eating grea \ or fatn foods 
There h d be n littl pain associat d th his inpcom c cept 
that rec ntly h had h d a f cl n«^ f soreness in the ght i pp r 
quadrant Ac the tim of admiss. hoi e er h ompla ed 
niy of the partly sis f h s left arm nd leg 
Phy s cal exam nation re ealed flaccid parah s s f th 1 ft 
arm and leg lo g th a compl tc se sory 1 so th s $ d Th 
p esence of q csti nabl ghc fac al eakne the o l> 

f ctor hich prevented m kin" d "n ss f hvsten r ven 
outr ght mahngenn" AU I borat rv stud cs re egat c 
\s time V ent on the p tent lo Iv regain d use f hi arm 
and leg On ** h d r lop d r ary r tent 
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den onset of such a phase m an elderly person should make 
one \ery suspicious of the development of an organic lesion 
These points are well illustrated bv Cases IV and V 


Case IV— A seventy \ear old white female was admitted to 
the psychopathic ward because of a senile psychosis which had 
made her unmanageable at home Five weeks prior to admission 
while still mentally clear she had gone to bed because of heart 
burn stomach trouble and epigastric pain associated with the 
talcing of food 

On the V ard the patient gave no compiamts which might lead 
to a suspicion of a gastro intestinal lesion Physical examination 
revealed only the chan<^es compatible vith h r age Blood kahn 
vas negative Blood sugar anJ ea deteem nations were normal 
Her course as slov l> but progrcsvely do nhill Three days 
prior to her de th she de eloped a fever ranging bet een 98 
and 101 F Cl n call) death as thought to be due to broncho 
pneumon a superimposed upon arte losclerotic heart f lure 
Autopsy revealed the c u e of d ath to be a perfor ted chronic 
gastric ulcer with peritonti Hstologcally there was a malg 
n nt change in the ulce 

Case \ —An eghrv \ear old v hte nale had been m excel 
lent health until x m th prior to admi si n at hich time he 
began to compla n of ep gastric p n Three veeksbef re dmi 
n he de eloped mental vinpt m with disorientation and 
confu on 

On adm ssion the p t ent pre ented U the fe ture of a sc ile 
psycho IS Physcal examnat n d closed the findings o e \ uld 
pect in a man of e ghtv vcj th enil atrophv and arterio 
ler SIS being the o tst nding fc turcs 
Laboratory stud es er n co t ib t ry 
n e pat ent s course as ap dl\ d u hill unt I death one eek 
fter admiss on Cl n c IK d ath w th ught t be due to gen 
ral arteri scleros th ter n 11 r n hopncumoni 
Autop y cv aled d nth t I c d i t an adenocaremon a f 
t! e toma h 


The diagnosis m both of these cases would probably have 
I cen made had mote sigmficmce I een placed on the patient s 
prepsv chotic comphint 
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some person who is in a position to give an accurate account 
of the ev ents leading up to lus admission This mformation 
IS of the greatest importance and should be recorded m de 
tail It is often of value later on despite its seeming msi 
nificance at the time 

\Mien there is a histor\ of traiasn special effort should be 
taken to rule tut possible injur) to the patient who ma) be 
seroiusl) hurt and )ct gne no complaints 

CvsE in si\t\ two seat old Ital an ml was admitted t 
the ps) chop thic w ar 1 after repeated suic dal attempts For thr e 
ecks prior t admission he had had definite mental svmptoms 
characterized b\ h s thr aten g to loll himself a d by his an 
derm" a a) fr n I m on!) to be b ou ht back bv the polee 
On the d ) of admis i n he had be n pulled bj the pol ce from 
the n r near hi h me where he had junp d th s cid 1 
tent 

Onadmss nhcddnt pparac U ill and asvithoutcm 
pla nts His ph\ c I e m nation \ as Jargelv n g me except f r 
blood p re in mil meters of m r\ of 200 s> stole and 
90 diastol c and h a c undswhich vere frathrp rqult) 
No areas f ncu i n o trauma e oted 
Labor tr tdcs cell neg ti c 

The pan nt a up nd about th rd \ tho t complaints 
fra pen d of tw o eeks v hen he suddenlj refused to eat It 
vas the n ted f th fi t tm th t he \ as ja diced H 
st ols h er V cr of n nal col r Tenp r tore pulse nd 
spirat on net! ith n n nnal 1 m cs The app r nee of the 
jau die a th first d ation th c he had some diag s d 

rga c I on It pp d th t he as th r ill nd s put t 

bed W ith fc I urs h cond t n b a t 1 and death 

ccurred 1 tl a t el e h urs later 

Autops ealed death t tc d e t ruptu ed I er \ ith 

hemoper tnnndltree dt the t m f h s ic d 1 
attempt s t dav bef re 

Particular e nphas s hould be placed n the patient s pre 
psycl otic call phmts Not mfrequenth vc see a enile type 
of ps> chosis precipitated b\ an organ c lesion of v hich the 
patient ga e typical sviuptoms After the ons t of the 
psy chosis the patient no longer comp! ns and all of our at 
tention is focused on the p \ cho is F rtl ermo e the s id 
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PHYSICAL EXAMINATION 

Next m importance to the history is the physical ex 
ammation Psychotic patients often do not present the usual 
findings of a suspected disorder The patient will often not 
cooperate He may relax poorly so that evaluation of ngidiiy 
b difficult or he may not permit the examiner to get near 
him luithermore some psychotic patients seem to have an 
abnormally high threshold to pain and give no mdications 
such as by facial expression to aid in localization of the sue 
of the trouble 

Granted that one is often confronted with problems which 
seem to warrant immediate surgical intervention we believe 
that unless the diagnosis is unquesuonable a second or even 
a third examination after a reasonable ptnod depending upon 
the case may be of great value not only m confirming the 
diagnosis but m disproving it If the findings after this post 
ponement still point to the same diagnosis it can be given more 
weight On the other hand if the signs have shifted to an 
other region of the abdomen less certainty is to be placed 
on the onginal impression 

A careful and complete physical examination recorded at 
the time of admission not only aids in diagnosis of diseases 
from which the patient may be suffering at the time but may 
also be of great aid when the so called emergency arises later 
IVhen the patient has a mass which apparently has become 
painful we cannot question the value of Itnowing whether 
the mass was present several weeks previously when he was 
admitted What was its size and appearance^ Did he have a 
hernia and was it reducible^ Routine rectal and pelvic ex 
aminations have even greater importance in the mental case 
because of the absence of subjective complaints 

Case VII -A $ ty six year old white female was admined to 
the psy chopathic % ard \ th a history from her sister that she 
had been ell until approximately five m mbs before At that 
time she developed a c Id with pleurisy The cold she stated 
1 ad persisted to the time of admission Durmg the past few- 
weeks It had been noticed that the patent was talking a bit 
queerly In the midst of a conversat on her attention would vvan 



1748 


E L ELIASOV D C SMITH 


The importance of the past medical history cannot be o\er 
emphasized As in the taijng of anj medical historj inquirv 
should be made into the vsture of previous illnesses Often the 
patient will have been hospirahzed elsewhere and the studies 
made will be most helpful 


CvsE VI —A thirty three year-old vhite female as admitted 
to the hospital with a d agnosis of schizophrema. S on after d 
mission the patient complamed of a great deal of epigastric pun 
V hich was attnbuted to a peptic ulcer This dia nosis as s b- 
stantiated by her past med cal history wh ch stated that roentgen 
seadies m another insr ration had shown an ulc r years be/or 
The patient became prcx^ressively v orse both mentally and 
phy s cally At the end of $a months she w as tot Uy inaccessible 
seel sive and ne er con ened nth any one Maiiutntion v as 
marked Laboratory snides re ealed an erythrocyte count of 
1 800000 hemoglobin 5 gm per 100 cc of blood nd blood car 
bon do ide 78 volumes per cent She vomited frequently but 
this V as attr bated largely to h r mental stams A gastro inte 
unal srudy indi at d a stenosing pylonc ulcer 
A surg c I consultant v ho sa her felt that oper tive inter 
enuon was mdic ted on th b sis of the roenct^en evidence f 
bstruction He however was skepocal and stated at the tm 
that he would n t be s p iscd to find no ulcer v hen the b 
d men vas opened It as not u til one month 1 ter desp te al 
mo t constant vomiting and r peated carbon d oxid determ n 
tions as hgh a 84 vol m p ent that op r non revealed a 
penetrating postenor prep I re ulcer v ith almost complete 
ten sis of th pyfoncring Asubtotalgat erseen nwasdo e 
Po toperat v ly the patient improved rap dlv There \ as su h 
mental impro ment th t h h rself v as a ar of it She a 
cnbed th s to the absence of pain n her stoma h hich u d 
to get her dov n ns de ably F v cks fte peration she 
as p roled to the custody of h r s ter 

Had there not been the past history of ulcer all her s> mp 
toms might have been considered a part of the psychosis fn 
addition this case cautions one about the danger of disre 
garding the complaints of a psy chotic patient It too sho v s 
how a patients mental symptoms may be improved bv the 
removal of antagonizing o^mc Ics ns 
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temperature \aried letwc n 99 nd lOl F Leuloc>tc count 
as 17 900 s ith poUtnorphonuclears 83 per cent lymphocytes 
15 per cent and eosmf phils per cent It as felt that this mass 
as a h> drocck \ ith pass I U a testicular tumor 
\t operation e cht la\s liter a t vo compartment mass a 
found The 1 % cr compartment as a hydrocele The much 
larger solid upper c impartnieni ims found to contain a small 
amount of redd sh I ro\ n fluid and a dense mass of dull de 
vitalized omentum extend ng int the peritoneal ca itv through 
the ingu nal can 1 The omentum was I cited at the external ring 
where it appeared t< have a healths luster The testicle was re 
mosed and the hernia repaired P)t pcratiscls the patents 
course became siorn s nd nflcr desclopn*^ an infected ssound 
and s gns of peritonitis I e d cd n the hfth das 
Autopsy rescaled death to he due t pentonim arising fr m 
adesitlizcdp rtonofb cl which had been in the hern a 

This CISC shows the viluc of the carefully recorded ad 
mission eximmation or periodic examinations if the puients 
stay IS prolonged The patients record should show whether 
Isc previously had a hetma hydrocele or other masses Here 
the delay in operame therapy was because of uncertainty in 
diagnosis which mas possibly have been ayoided had his 
record rcscilcd with surety his previous physical status 

Laboratory examinations 
As m any other type <f patient the labontory is to be 
used as a supplementary aid m diagnosis Fhc \ alue of routine 
tudies such as serolowy blood urea and sugar determinations 
needy no further cmy basis Special studies must be ev aluated 
tlong y\ith the clinical picture 
We would ho\c\er like to place stmc additional stress 
upon the batal metal ohc me when the patients cooperation 
has been such that an accurate determination can be made 
Hyperthyroidism >r hy poth\ roidism is not infrequently mam 
fesr in the f< rm fa psychosis Recently a patient was ad 
nutted to our m titution with hyperthyroidism that had pro 
luced such ovcractuity and mental s\mpt(ms that she had 
I cen haled im > ci urt One should alw a\ s keep in mind this 
metabchc disturbance which is so easily overlooked when 
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der and she \\ ould begin to talk about something totally d f 
ferent She too felt th t the family ^ as not treating her rght 
Ph>sical examination mealed a rather obese xvi ite f male h 
as ob\ lousJy conf s d and d sonenced Blood pressure in mil 
I meters of mcrcurx as 210 systolic and 105 diastolic Exam- 
nation was otherw se negative except for a f nt ap cal ystol c 
murmur and a feu basal rales in the lungs 
The only abnormal laborac ry finding x as a leukocyte count 
f 2’ 500 ith a d ffercntial co nc of polvmo phonucl ars 71 per 
ent lymph cytes 2 per cent ra n cytes 6 per cent and eos no- 
ph Is 1 per cent 

She was diagnosed as su/Tenn^ from hyperrcnsire cardio a 
c lar disease and a senile type of psychosis During her nine-d \ 
course m the hosp tal which vas rapidly do mhill she had a 
temperatur arying ben cen 99 and 103 8 F Her ultimate 
cause of death as tho ght cl ni ally to be due to a bronch 
pneumonia 

Autop V revealed a small primary ad n carcinoma of the 
breast w th despre d meust to th chest v all a d ve 
tebrae 

The lesson learned from this case clearly proves the value 
of the careful examination on admission The patient gave 
prepsychotic complaints referable to the site of her disease 
vet It was totally overlooked Its discovery would have made 
little difference but perhaps in other cases the pathological 
condition would not be so extensive that helpful therapy 
could not be inscicntcd 

CvsE\III-Atv nty seven VC r hitc male ith da'^noss 
of cacar n c h zophr n h d an uneventf 1 course m the h s 
p tal fpr s X m th unt It ad r d th t he had a large 
and some I at redd n d crotal m s B sc of the patents 
me tal st tu n nf nnation could b brained fr m h m H 
s tot lly macce Wad paid n act ti n to xh ng s d 

ro him He ga c n c mplants t nd cat that h s havi g 

n m 

Phvscalea t n s g u e pt f th firm flue 
t ant r^ht scr t ! mas wh h m d to b gl unit e 
te d ng up aid to th c tern I g N mpulse c Id be ob- 

tained hen the pat nt -as d t c gh It transmitt d I ght 
p rtullv and the skin e t redd d nd mkl d H s 
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of a serious illness Intestinal obstruction will produce \onut 
ing m the most psy chotic patient It should be thought of in 
e\ ery such case Here again roentgen studies are indispensable 
In doubtful confusing cases a second or even a third such 
study should be made after a mutual understanding has pos 
sibly been gained with the patient As previously suggested 
acute mental upsets may produce changes in the gastro m 
testinal tract to the extent of simulating intestinal obstruc 
non 

We are all aware of the frequency w ith w hich psy chotic 
patients swallow foreign bodies Although many theories 
have been proposed the cause for this is as obscure as ever 
Some patients state they swallowed an object because of m 
digestion from which they hoped to obtain relief Cases of 
morbid hunger associated with brain injuries have been re 
ported To carry this a bit further one might suppose that 
cerebral dysfunction as is no doubt present m a psychosis 
could produce episodes of hunger like discomfort leading to 
the 8w allow mg of suitable objects w ithin reach of the patient 
VVe once saw a severe psychoncurotic w hose chief complaint 
along with several others was protracted hunger Restraint 
was necessary to keep him from eating while glucose toler 
ance tests were being done they mcidentallv were normal 
Another patient seemed to have epileptic equivalents during 
which the foreign bodies were swallowed No doubt many 
psychoneurotics swallow objects just to make it difficult 
for their carctal ers but this does not explain those cases 
in which no one knows about the act Moreover the patient 
frequently is unaw are of his act despite the fact that he seem 
ingly IS sufficiently clear mentally to remember it 

Case I\ -A thirty year oil white female h d been hospital 
izcd for seven years ith a dugnoss of hebephrenic schizo 
phrenu H r course had been uneventful unt 1 she began sud 
dcnly to omt without any demonstrable cause The vomit g 
continued almost constantly for t n weeks all the whle beng 
treated v ith isolatio sedation and intravenous fluids without 
avail The patent bcc me emaaated and dehydrated Blood 
chlorides fell to l-lO and urea ar e t 180 FinalK a roentgeno 
gram revealed large spoon Iving c ssways m the duodenum 
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masked b\ a psjchosis Patients suffenng from myredema 
usuallj lend themseh es easily to bboratory study Qses have 
been reported houcter (Ha\"\\ard and \\oods) in which 
the outstanding sj mptoms of my tedcina \\ ere hallucinosis and 
violence Those suffenng from a psychosis in addition to 
hyperthyroidism more frequently vvdl not cooperate for basal 
metabolic study In such cases a tna! on iodine may help 
confirm the diagnosis at the same tunc the paaent is being 
prepared for operaovc therapy Inordinate appcutes with no 
increase m w eight often call attention to an abnonnal state 
Such an observation may be the only clue to indicate which 
patients should have further laboratory studv It is well to 
remember as pointed out bv Bnm ui his large senes of 
cases that the incidence of mental disorder is not necessarily 
associated with an overly high basal meraboJic rate 

ROENTGENOLOGY 

Improvement in this important aid in study and its pro 
gressively increasing variety of diagnostic methods should 
be used to the fullest extent in the mental case as in any 
other Many scemm<fly psychoneurotic complaints can be 
proved to be orgamc On the other hand the psychoneurotic 
may be sav ed from an operation if giv en the full ad antage of 
roentgenological study 

The acutely psy chouc patient mav not cooperate for such 
studies as a gastro intestinal senes and banum enemas Ho v 
ev er the abdominal scout film is practical and should be em 
ployed much more than it usually is Panents v ho present 
symiptoms sut'gcscing am posstbihey of a perforated viscus 
should recen e the benefit of such studies Air under the di 
aphragm can be cons dered a positive finding after which no 
delay in operanon is radicared Thew panents not mfrequenth 
do not complain even of a perforated ulcer and it cannot 
be considered an extravagance of mater al to make an oc 
casional negan e study Early diagnos s has the same im 
pottance here as elsew here in surgery 
All cases of uncTplained imrntns' should be carefully in 
restiv^ated Too frequently this objecti symptom is con 
sidered insi<mificant v hen it i reallv the onlv ndication 
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phils ’ per cent The existence of nausea ot course could not 
he considered because of his mental status He had not vom ted 
Operation revealed an acute suppurative appendicitis 
This case demonstrates how observation for changes in be 
havior is imperative if earl> diagnoses are to be made His 
behavior change was by far the outstanding symptom 
Carefullv recorded tanperature pulse and respiration are 
even more essential m mental patients Sudden changes from 
their previously normal baseline should lead to an immediate 
explanation 

Case XI —A thirty four year old Jewish male a mongolian 
id ot had been taken care of by his family all h s life He had 
h d hemorrhoidectomy m our hospital one vear previously at 
V hich time he had been fairly eas ly manageable on a surgical 
ard 

The present illness v as first suspected when a resident phys 
Cl n of another hospital in the city called our admission depart 
nent concern ng a mentally defecti e patient vho was in their 
recei ngwatdand v ho appeared to be sick but was so uncoop 
crative that exam nation vas impossible He was accepted for 
tr nsfer to our p ychopathic ward for obser ation The only 
history that his father could offer vas th t he h d been unable 
to manage h m home for the past day as he had previously and 
he thought that he v as sick He was on our ward for a period 
f three day s during hich time he presented no sig s or symp 
t m s ggestmg an cute illnc In the routine physical exam 
mation his abdomen as recorded a being norm 1 All tempera 
tures taken were normal with the except on of the 1 st one 
1 efore discha ge V hich was 100 F No sgnificance was attached 
t thi hove er 

On the following d y the father brought the patient back 
with the story that he was even mo e unmanageable at home At 
th s time he v as obviously cutely lU The abdomen \ as dis 
t nded per tals s v as ab ent and a m ss v as palpable in the 
lov er rght quadrant He vas admttcd to the surgic 1 v ard 
but was found to be too ill to be benefited by operative inter 

ent on Support e treatment was scaned under great difficul 
t es bee use of his restlessness and in bil tv to cooperate H s 
course r pidly downhill to death v thin tv enty four hou s 

In this case the patient had a sudden change m behavior 
and the father who had al vays taken care of him suspected 
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Duodenotom\ was pcrfornKd and the spo n s removed from 
the second and third portions of the duoden m The patents 
convalescence v a unev tfil and sh rapidly returned to her 
r g nal state of nutriti 


1 00 /requentiv w e are unw iHing to giv e the mental patient 
the benefit of a diagnc^s of n coincidental organic lesion 
and tr\ to explain hat few sv mptoms he docs present on a 
functional basts The lesson from this case alone shot s ven 
clearlj that at least an abdominal scout film should be tal^en 
of everj psychotic | jticnt who dev elf ps unexplained 
vomiting 


GAY BY DAY OBSERVATIONS 
As already stated mental pmems mav not complain when 
they are sick and frequentiv arc unable to give a reliable 
description of their ailment Although thev give no subjec 
tive symptoms one can expect their illness to manifest itself 
objectively by some cbmge in Jfbmor Frequentiv this is the 
only clue to the onset of an acute illness If we expect t) 
make early diagnoses or diagnoses at all we must make use 
of all possible objective findings md obsenatif ns 1 he nurse 
or attendant m charge should be instructed tt report anv 
sudden change in a patients behavior They are mrst familiar 
ith each patient and m a position to best rccogni/e behs i r 
vv hich IS abnormal for that particular patient 

CvsF \ —A fift ea Id col d n I ff red frr s n 
pi schiz phren a On month after ad n he s e n t b 
cting stra gel nd mpj ned of pa n th abd men Phvs 

1 examinat t th t tm revc led n rm 1 abd i nd 
temper turc f 9S F H b c m most u pe at Iked 
consta cl\ ab t th d f II g t rti fl nd fu d t 

s er qi escio s^\h hbg strt<T fi«^ht th the p 
t ents it beca necess yrptbm r rsA surg I 

c nsultanc sa the pt tt dvltr and f it tl at perat 

as ndicated n th h t rv f pp r t bd al p pre 
% ly menti ned 1 t^ht mu cic pa f gh I q d nt 

d leuk etc t f ij too tl d ff nr 1 nt of p 1 

rphon icle rs 54 p t 1 ph tes 44 p c d 
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As our case records reveal the first indication of a serious 
illness in a psychotic pauent frequently is a change m be 
havior These beha\ior changes can best be detected b> the 
nurse or attendant in charge who knows the patients best 
Perhaps the most important single factor m the early diagnosis 
of surgical lesions m the mental case is careful observation 
for behavior which IS not normal for that patient 
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something Mas wrong Three days observaoon failed to lead 
us to a diagnosis of an acute abdominal condition which he 
must ha\e been suffenng from as evidenced by the elevation 
of temperature (100 F ) taken just before discharge 

A patient s sudden refusil to eat maj have significance when 
he has previously eaten with regularitj Changes in bo'uel 
habit are to w atched for Blood in the stool or change in 
color has the same import here as elsewhere but the patient 
IS unable to make the observation Vomiting as previousl) 
mentioned should alvva>s be considered a danger si nal its 
occurrence reported immediatel> ro the physician in charge 

SUMMARY 

Because of the apjMrent increase in mental disorders and 
the difficult) encountered m making diagnosis of associated 
organic lesions we present the study of several case histones 
from the wards of the Philadelphia General Hospital with the 
hope of being able to formubte a somewhat systemaDzed 
method of diagnosis which might be used to advantage m 
lowering the morbidity and monabty in such cases 

The surgeon muse be his own psychiatnsr if he hopes not 
to fall a prey to the alluring complaints of the psy choneurotic 
patient Modem methods of diagnosis are to be used to their 
fullest extent to prove the presence or absence of organic 
lesions w hich are frequendy mimicked by manifestations of 
these functional disorders 

Patients suffenng from jasychoses frequendy do not pre 
sent the usual findings of a suspected organic lesion the 
symptoms of v hich are completely masked by the mental pic 
ture A history from the very beginning of the pauents ill 
ness IS to be obtained from a reliable source as soon after 
admission as possible Particular stress is to be placed upon 
past medical history and prepsv chotic complaints A carefully 
recorded admission physical examination may be of great 
value later hen the so called emeigency arises The labora 
tory sliould be used as a supplementary aid as elsewhere in 
medical dtagnos s Roent^nographic stud es especi U} the 
abdominal scout film have been sho -n to be of tremendous 
aid and the indications for their use are many 
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liiE maintenance of normal fluid balance m surgical pi 
tients requires careful control by laboratory methods Thus 
the condition of the patient nuv be evaluated by considenng 
the nature and degree of chemical imbalance Variations ob 
serted m the chemical composition of the pauents blood m 
dicate the kind of parenteral fluid needed These dati arc 
useful m calculating the dose of fluids required However 
1 m all other phases of scientiflc medicine the laboratory 
hndings must be intimately correlated w ith the clinical pic 
turc 

The fundamental considerations of fluid balance have been 
reviewed many times and wall not be repeated here The sub 
)cct involves a consideration of water electrolytes and plasma 
proteins \s first clearly expressed by the group at Ann 
Arbor the surgical patient must have sufficient water to 
toier the mvcnsiWc Joss from I to J Jitcrs daily as well as 
\\ atcr to pr iv ulc for a liter c f urine per dav 3 or 4 gm of 
odium clondc must be given to cover the daily unnary loss 
and in addition to the basic needs abnormal fluid loss should 
be replaced bv an equal volume of 0 85 per cent sodium 
chloride solution The importance <f plasma protein levels 
has been emphasized bv other investigators Certain changes 
in hcnioconcentration indicate disturbances in the fluid bal 
in e Tlic al ilitv of the Lidncvs to maintain normal fluid 
I ilancc has been implied bv tacit assumptit n In the presence 
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each patient Examples of the methods for calcoUtmg the 
requirements tvill be given in the following section 
The proper dose of parenteral fluids is ]ust as important 
as IS the dose of any powerful drug Generalized edema ma> 
result from an o\ erdose of fluid especially in a patient w ith 
renal insufficiency Pulmonar> edema is an ever present 
danger of too much parenteral fluid and circulator) embar 
rassmenc may occur in the patient w ith a poor cardiac resets e 
On the other hand no advantage is gained by giving a pa 
tient 100 cc of plasma when the dose needed is 1500 cc 
Half a liter of saline is of htilc benefit to a dchv drated pa 
tient who needs 3 bters of saline plus a liter of lactate solution 
A quantitative correction of acidosis should be attempted In 
the majority of cases the correct dose of parenteral fluids 
can be calculated quite accurately 

EVALUATION OF THE PATIENT 

In the control of fluid balance laborator> determinations 
mean little unless they arc considered m relation to the pa 
tient s history and physical findings In manv instances the 
program of fluid administration must be modified in the light 
of physical findings Any symptoms of cardiov ascular or renal 
disease should be noted and its nature determined The sever 
ity of the disease should be evaluated quantitativ civ and its 
probable influence on the fluid balance program appraised 
The nature and seventy of traumatic injuries and surgical 
procedures influence the program There should be a record 
of abnormal fluid losses vominng or gastnc drainage biliary 
drainage diarrheal stools blood loss as visible or hidden hem 
orrhage and serous oozc Accurate estimates of intake and 
output especially the unne volume are important 

In the physical exatmnauan all evidence of dehydrauon 
should be noted carefully Hie appearance of the skin mu 
cous membranes and ey cs » significant Sev ere acidosis is usu 
ally accompanied by shallow rapid respirations red lips and 
a fnnthke odor on the breath Pale cold extremities and a 
feeble pulse suggest a reducuon m peripheral blood flow 
This may be the result of 3 diminished blood volume and 
precede the onset of shock Obvious edema may be associ 
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of seriously impaired renal function however the precise 
control of electrolyte and water balance becomes well nigh 
impossible 

This paper based upon expcncnce gained m the study of 
more than 600 patients w ho presented problems in fluid bal 
ance at the Pennsylvania Hospital will stress three points 
(I) the simplicitv of the laboratory methods used m the con 
trol of flnid balance (>) the individual consideration of each 
constituent m parenteral fluids t t water sodium chloride 
plasma protein etc as separate entities and (3) the impor 
tance of quantitative dosage of parenteral fluids 

The laboratory methods may be limited to a few routine 
dcterminaaons requiring a muumum of special equipment 
and technical abdity From specific gravities of plasma 
which may be read ly measured by the falling drop method 
or by direct w cighmg of the samples in special micro pipettes 
on 3 rapid chainomatic balance plasma protein concentn 
tions can be calculated Plasma protein concentrations can be 
obtained by employing the biuret reaction as modified by 
kingsley This photo eicctnc method is m some respects 
more trustworthy than the specific gravity method Plasma 
chlorides are titrated in tungstic acid filtrates or in mtnc acid 
digests Plasma carbon dioxide combimng power is de 
termmed by the volumcmc method Senal hematoent de 
terminations made on hepannized blood in the Sanford 
Magath tube provide enough plasma for the other analyses 
and also measure changes in hemoconcentration In patients 
V ith renal insufficiency the blood urea mtrogcn must be de 
termmed at frequent mtervals 
In a satisfactory program of fluid balance control the re 
quirement for a pauent must be broken down into the re 
quircment for each ind tdnal ranstituent of the parenteral 
fluids namely water sodium chlonde alkali as sodium lactate 
or sodium bicarbonate and plasma protein Whereas sodium 
chloride in 0 85 per cent solution mav be quite satisfactory 
for one patient another mav require ater as 5 p r cent 
glucose intravenously sodium lactate in one stxth mol r solu 
non and some plasm prote n The reqi ement arv f r 

Ob un bl f mb W 11 Coip RncI w N V 
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mal indicate a need for wlmc m most cases The totil base 
concentration nm be calculated from the plasma carbon di 
oxide combining pow cr and plasma chloride concentration 
by converting these figures ro miUi cquiv alents per liter 
(Meq/L) and adding ’S McqA- for the rcmnimng acid 
radicals as follows 

CO tnbm g jx = «0 Ip t X 045 = 7 \1 q/L 

CH ndes (« ^ □) = 600 ing p 100 x 017 = 1« M^q 'L 
R (HPO SO g c d p t ) = 25 M q/L 

T 1 cid = i t I b :* 155 Mxq/L 

Specimens of urine collected at the same time as the blood 
sample should be examined for albumin and acetone and m 
the absence of evidence of marked renal damage ketosis or 
hypoproteinemia R may be assumed to equal about 
’5 \Ieq/L ^ The resultant figure for total base although 
not absolutely correct is sufficiently accurate for most clin 
ical purposes 

Planna protein I ids arc determined at frequent intervals 
daily m patients with pentomtis empyema a severe burn or 
other conditions in which protein leaks out of the vascular 
tree The plasma protein level must be 1 ept above 6 gm per 
100 cc to maintain a nimial distribution of fluid between 
the blood stream and tissues and to prev ent local edema and 
the delayed healing of vounds The protein level should be 
considered in relation to the hemate ent value A nsing hem 
atocrit value and a constant protein level indicate a loss of 
protein from the mam stream of the circulation A falling 
plasma pritcin level wiih a n mg hematoent value indicates 
a very serious loss of pr tem such as is usually seen in severe 
bums and untreate 1 peritonitis 

CLINICAL CONDITIONS 
D ly R q em ti f W«l d S It 

For the average adult between and 3 liters of water must 
be allow cd c erv tw entv four hours This v ill cov er the in 
sensible loss f v atcr from the skin and lungs and also pro 

hpgh -olmis mll-eq 
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nted with excc^ue fluid administrjtion a low plasma pro 
rein le\el rcml msufficieno mechanical interference \ath 
circulation or with trher /actors Pulnionarv edema « an 
mmous dei clo} ment Pfic sical examinations must be repcarcd 
It frequent intcn al because an immediate change in the pr >- 
gram must be made at the appeannee of ans adverse re 
action 

The laboratorj methods pre lou l\ mentioned are useful in 
etaluating the state of hvdrJtion clectroh te balance plasmi 
protein le\el and the need for red celts Abnormal 
tn I ydrattov of the bod} as a whole are usually reflected b\ 
alterations in the specific gra ir\ of y hole blood or plasmi 
The hematocrit y alue is another excellent measure of hemo- 
conccntration espectall) when plasma protein levels arc de 
tcrmincd simultaneously Serial hematocrit v alues made at 
frequent intervals show grossly the total amount of fluid 
needed b) the patient In severe bums uncomplicated bv 
hemorrha<»c the hematocrit values mu be used in cilcuUiin 
the plasma loss (sec discussi n below) At the onset f siir 
gical shock hcmoconcentntion usually precedes the appear 
ance of the clinical signs Hence cffecti\e treimienc for 
shock must be started m the carh stages in the jenod of 
hcmocoticentration detecnl le onh 1 y laboratory method 
and pnor to the appeannee of clinical sv mpfoms In se ere 
hemorrhage s itli hemodilution earh treatmenr must be in 
stituced to prevent the onset of shock and ci cuhtorv 
collapse 

The more important changes n the electrolv te may 1 c 
followed b) rout c determination of the phnrti carl on dt 
oxide coinbiniu!' po^er an I cfloride le els \''alues n carbon 
dioxide combining pover abo e 80 volumes per cent indi 
cate a marked alk losis al es between S and 45 i dicate i 
moderate degree of acdosi alues below 5 ind ate a ser 
ous degree of icid sis need n» immediate treirnient y ith al 
kali Further inf rm-ir n o the nature of the cidosis is 
shown by a plasma acet ne test The sodium clilond concen 
tration f the plasma should be ithm the normal range 
580 to 6 0 mg per 100 cc Hgher val es ugg st excess! 
saline administration or rcml nsifficien y ^ h s bel nor 



CONTROI OF FLUID BALANCE 1765 

and plasma protein levels However the results of these de 
terminations are not readily translated into the dose of fluid 
required to restore a normal state of dehydration The for 
mulas suggested for this calculation have not proved en 
tirely satisfactory and must be revised before being recom 
mended for general use 

Ac dos s 

The accumulation of acids in the extracellular fluids of the 
body can he measured by the carbon dioxide combining 
power of the plasma The presence of acetone in the plasma 
indicates an acidosis due to organic acids as is usually seen 
in deh> dration start ation or diabetes melhtus If the carbon 
dioxide combining power is about 45 volumes per cent 1 liter 
of 5 per cent dextrose in saline is an adequate dose for an 
adult weighing 70 kilograms (154 pounds) If the carbon 
dioxide combining power is 55 volumes per cent Witrs of 
5 per cent dextrose in saline are needed in addition to the 
daily requirement If the carbon dioxide combining power 
falls below 35 volumes per cent alkali in the form of sodium 
bicarbonate or sodium lactate should be given along w ith the 
saline The calculated dose of sodium bicarbonate for a per 
son weighing 70 lilograms is 0 5 gm {iV grains) for each 
point the carbon dioxide combining power is below 35 For 
example a patient weighin<^ 70 kilograms with a carbon di 
oxide combining power of 15 volumes per cent will need 
0 5 times (55 ~ 15) or 10 gen of sodium bicarbonate plus 
2 liters of saline This dose should be varied with the weight 
of the patient If the carbon dioxide combining power does 
not return to normal m twelve hours the bicarbonate is re 
peated For each gram of sodium bicarbonate 72 cc of one 
sixth molar sodium lactate solution mav be substituted 
An alternate treatment for aadosis is used m min> clinics 
and at times b> the present awtbots tnough alkali to restore 
the carbon dioxide combining power to normal is given with 
out dextrose or saline The dose of sodium bicarbonate for a 
a patient weighing 70 kilograms is 0 5 gm for each point the 
carbon d oxide combining power is below 55 volumes per 
cent For example with a carbon dioxide combining povver 



1764 


WILLIAM A WOLFF JOHN T BXUER 


Vide for a liter or more of unoe Elevation of temperature 
w ill increase the insensible loss For each degree Fahrenheit 
above normal the dailj requirement is increased b> "’JO cc 
In addiuon to v\ ater the paoent on parenteral feedincrs should 
have 3 to 5 gm of sodium chloride daily or 500 cc of 085 
per cent saline This requirement for water and salt is basic 
and must be giv en in addition to the indicated dose for re 
hydration correction of acidosis and so on Both water and 
salt should be given by mouth whenever possible 

D hyd { 

A negative water balance resulong from cveessive loss or 
inadequate intahe can be corrected in a semiquantitaave man 
ner The degree of dehy drarion may be csomared enher by 
clinical observ anon or by laboratory methods As to the for 
mer the authors recommend their tw o four sw rule De 
pending upon the degree of dehydration fluid equal to ’ 4 
or 6 per cent of the body w en^ht ;s gn en Paaents v itb 
slight dehy dration as characterized by a marked thirst some 
dryness of mucous membranes and a unne with a high spe 
cific gravity totabng 500 or 600 cc per day require fluids 
equal to 2 per cent of the body weight Those with moder 
ate dehydration having a pronounced dryness of mucous 
membranes a dry skin and urine volumes of "’00 or 300 cc 
per day require fluid equal to 4 per cent of the body weight 
Finally those viith severe dehydration indicated bv decreases 
m intra ocular pressure a very dry skin that stands up when 
pinched into a fold little or no unne and sometimes coma 
require fluids equal to 6 per cent of the body w eight If the 
fluids can be gn en by mouth salrv broth and atrus fnnt 
jUiccs ill suffice Isoton c sodium chloride solution can be 
given subcutaneously For the intra enous route a mwnire 
consistin<^ of three parts of 0 85 per cent sodium chlonde and 
one part of one SLxch molar sodium lactate is the ideal solu 
tion hen acidosis accompames the dehy dration the amount 
of lactate is increased but the total oliime of fluid remains 
the same 

The degree of dehy drat on may be Ictcrmmed by the spe 
cific gravity of the blood ch nges in the hematocrit alue 
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If this quantit) of sodium chlonde is given intravenously as 
isotonic solution the tissues will be rehjdrated and the chio 
rides will be restored to normal An efficient kidney will 
elinunate the excess sodium as bicarbonate in an alkaline unne 
In this case the daily requirement for water should be given 
as 5 per cent dextrose solution 
If laboratory data are not available treatment should be 
guided by the clinical rule of Collcr and associates The net 
volume of gastric drainage fluid should be replaced with an 
equal volume of isotonic saline given mtravenously 


B1 ry D ge 

Secretions which pass through the common duct are alka 
line in reaction and contain more base (sodium) than any 
other ion The loss of these secretions by external drainage 
results in a senous depletion of base dehy draiion and acidosis 
The extent of the sodium deficit can be calculated from the 
equation proposed by Elkinton Gilmour and Wolff 


G 


N + q d — OOOW'VV 
\\ = b dy gh H 8 
H = b n d h m 
H = p h«m 

B = lb 
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The sodium lon requirement cm be converted into grinis t f 
sodium chloride sodium bicarbonate or sc dium lactate bv the 
factors 2 S 3 6 and 4 9 rcspectivch After the sodium re 
quirement and its equivalent in liters of isotonic saline or lac 
tate solution is calculated the program of treatment is planned 
The acidosis is corrected ith the pr per volume of sodium 
hetate and the remainder of the sodium requirement is given 
as three parts isotonic saline plus cne pirt of one sixth molar 
sodium lactate solution An hour or s ifter the infusion of 
fluids is completed chemical inalvscs on the plasma are re 
peated to make sure that the imbalance has been corrected 


D rhe 

In addition to w atcr losses in liquid stools a large quantity 
of sodui cllordc and some licarbonate i lost from the 
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of 15 \olumes per cent the dose of sodium bicarbonate for 
the patient Mcighmg /O kilograms is 0 S times (55 — 15) oc 

0 gro The required m eight of bicarbonate is taken from a 
clean new package dissohed in sterile p\ rotten free water 
to make a 3 or 5 per cent solution and gnen intravenous[\ 
Some dangers arise in the preparation of sodium bicarbonate 
for intravenous use a procedure «hieh sbr uJd be ondenaken 
on]\ where experienced personnel and adequate equipment 
are available Commcraally prepared sodium lactate solutions 
ma> be used sifclv m almost anv clinic 

Acidosis due to renal insufficiency is characterized b\ the 
absence of acetone and a high serum inorganic phosphate 
level frcqucntiv 10 or 15 mg of phosphorus per 100 cc It 
IS very refractory to treatment The calculated do e of alkali 
seldom raises the carbon dioxide combining power to the ex 
peered figure The dose must be repeated dailv for nvo or 
three dav s to correct the aadovis Because of the renal insuf 
ficiency considerable caution should be exercised in ginng 
alkali or saline to this type of patient for large amounts of 
sodium may be rcramed and prodice a massive edema 

6 t D n 9 

rhe continued loss of gastric juice mav res ilt from per 
mcious vomiting high mtwtinaf obstruction vich vomiting 
or gastnc dniinai^c through suction tubes The chemical im 
balance IS the same in each case with dehydration alkalosis 
and hv pnchlorcmia The plasma carbon dioxide combinin 
p » er nses to SO or 5*0 volumes per cent and rhe chlondc 
fall to lo Ic els sometimes 300 mg of sodium chloride per 
lOO cc Symptoms of dehydranon are rather marked Treat 
ment is simple and effective if renal function is norma! 
Chlorides m \ be restored to normal v ith a dose of sod um 
Monde calculated bv the CoUer Maddock rule which i 
0 S gm of sodium chi jnde jjcr k logram of bod\ eight f r 
each 100 mg per 100 ct thit th plasma chi ndes must Ic 
raised to reach 5^0 mg per 100 cc For example eight f 
pitient IS 70 hlograms plasma chlondes mg per KXt cc 
J(50_ 410 

— iW-= 5 Sgm 


\ a <1 


IS X 0 
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If tbs quantit\ of sodium chlonde is given intravenously as 
isotonic solution the tissues will be rehvdrated and the chlo 
rides will be restored to normal An efficient kidney will 
eliminate the excess sodium as bicarbonate m an alkaline unne 
In tbs case the daily requirement for water should be given 
as 5 per cent dextrose solution 
If laboratory data are not available treatment should be 
guided by the clinical rule of Collet and associates The net 
volume of gastric drainage fluid should be replaced with an 
equal volume of isotonic sabne given intravenously 


B I ry D ag 

Secretions which pass through the common duct are alka 
line in reaction and contain more bisc (sodium) than any 
other ion The loss of these secreti ms bv external drainage 
results in a serious depletion of base dehv dration and acidosis 
The extent of the sodium dehcit can be calculated from the 
equation proposed by Elkmton Gilmour and Wolff 


Gm N + q d — 0<KM6 AV 
\\ = b dv w ght kil g 



goo !l ) H B ' 
(100-H ) H ) 


m I hvO 
M q/L 


The sodium ion requirement can be conv erted into grams f 
Sodium chlonde sodium bicarbonate or sodium lactate by the 
factors 5 3 6 and 4 9 respectivelv After the scdium re 
quirement and its equivalent m liters of isotonic saline or lac 
tate solution is calculated the program of treatment is planned 
The acidosis is corrected with the proper ilume of sodium 
lactate and the remainder of the sodium requirement is given 
as three parts isotoruc saline plus one pirt of one SLXth molar 
sodium lactate sclution An hour or > nftcr the infusion of 
fluids IS completed chemical analvsc <n the plasma arc re 
pcated to mil c urc tint the imbalance has been c rrecred 


D h« 

In additi n to v atcr losses in liquid stools a large quantitv 
of sod i m chlori Ic and some I cirbonite i \< t from the 



1768 


WItXIAM A ■WOLFF JOHV T B\X;eB 


bod> The net result is dehydration and acidosis mth salt de 
pletion In certain patients, pamcularl) children ketosis ap 
pears Treatment for these conditions is the same as outlined 
abo\e Hard candy by mouth or 5 per cent dextrose in saline 
w ill clear up the ketosis in most cases Salt} broths or gruel 
by mouth will help coxer the high requirement for sodium 
chlondc 

The large amount of fluid lost external!} throu«Th an dc 
ostomy has the same sjstemic effect as diaiihea The fluid 
balance program is directed at the control of aadosis dehy 
dration and salt deplenon Giving large amounts of dnnkin 
water without ample salt intake is to be discoiira«’ed The 
w ater Lterall} w ashes out sodium chloride and further de 
pletes the salt alread} inadequate in amount 

Severe B rns 

The fluid imbalance m severe bums is intimately related to 
the extravasation of plasma protein Thermal trauma alien the 
capillary bed in the burned area so that large quanmies of 
plasma leak into the tissues or to the surface In a third degree 
bum involving ’O to 40 per cent of the bodv surface near!} 
half the total plasma protein will escape from the vascular 
tree within eight to tvehc hours following the bum The 
resulting hcnioconcentration is due to an abnormal disrnbu 
tion of fluids and a senous disturbance m the mechanism for 
controlling the distribution Contrarv to views fonnerl} held 
the burned patient is not dch} drated and does not need large 
quantities of saline The rati mal treatment of tl is condition is 
vmsiie pljsmi trjusfiisiom sufficient to restore the depleted 
plasma volume impro e the penpheral circulation and pre 
\ent the onset of bum shock T o questions arise hen to 
give plasm and how m ch to g e Stud es r ported else 
w here hav e shov n that proteins continue to leak out of the 
capillaries for some fort> or fifty hours Large mounts of 
plasma given during this t me are lost into the tissue Ho\ 
e\cr dunng this penod it s necessar} to gi e small amounts 
of plasma to pre ent the de elopmenc of bum shock 

In one senes of patients (service of Dr W alter Estell Lee) 
the { lasma requirement icd from 25 1 1 100 c per hour 
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for adults The hematocrit value was kept below 55 per cent 
cells and the plasma protein above 6 gm per 100 cc 
continuous infusion of plasma was more effective than single 
do^es repeated at SIX or twelve hour intervals This program 
insured the maintenance of peripheral circulation as indicate 
b> a fau pulse volume at the wnst and ankle After the capii 
lanes recovered sufficiently to prevent leakage of the plasma 
protein usually some forty hours after the burn the plasma 
rolumc was restored to normal by a large transfusion or 
plasma 

The amount of plasma needed at this time can be calcu 
latcd from the body w eight hematocrit value and plasma pro 
tein level by the equation given at the top of hig 531 To 
sunptify the use of this equation the chart (Fig 531 ) has been 
constructed for an adult 70 kilograms (154 pounds) body 
weight With a basal or normal hematocrit value of 45 per 
cent cells and a normal plasma protein level of 7 gm per lOO 
cc Hematocrit values ate plotted as the base line plasma 
protein deficits as the left hand vertical margin equivalent 
plasma v olumes as the right vertical margin and plasma pro 
tern levels as the curves To read the plisma deficit for a 
burned patient tal c the point at which the vertical line cor 
responding to the hematocrit value intersects with the line 
representing the plasma protein level (interpolating when 
necessary ) Honzontjlly opposite this point at the right mar 
gin is the deficit m volume of normal plasma and at the left 
the deficit in grams of plasma protein For a further discus 
Sion of this chart sec the original paper 
In addition to the j lasma leakage the burned patient show”: 
more or less disturbance in the electrolytes A mild acidosi 
appeanng during the first twenty four or forty eight hour 
can be corrected with the calcuhicd volume of one sixil 
molar sodium lactate solution Sweetened fruit juices bj 
mouth or 10 per cent dextrose intravcnousU v ill aid in con 
trolling the acidosis and maintain a high liver glycogen An] 
tendency toward by pochlorcmia is counteracted by the ad 
ministration of isr tonic silmc Tlic total volume of fluid in 
eluding plasma should not exceed 3 or 4 liters per da\ dunn, 
the first two days 
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P i » 

The existence of extensive pcmomns is usiulh associated 
\Mih three chemical lesions hypoprtitcincniia dehydration 
and acidosis A fluid nch in protein pisses from the vascular 
tree into the abdominil cavitv therebv reducing the plasma 
protein The elevated temperature increases the basic require 
inent for \\ ater and steps up the general metabolic activ it\ 
The treatment is illustrated bv a patient show mg the foil )\\ 
mg data 

B d gh 0 k 1 g m (IJ4 p« d ) 

T mp raw <n\ SI 1« F 
H m 51 p< n 

PI sm p pm p IflO 

Ca b d d mb p p 55 1 m p t 

U 1 m 24 h 210 

Cad 1 ifmdllvf rmlp p 

11 

The requirements for this patient are calculated as follows 
The basic water requirement IS ’500 00 per dav plusl’SOcc 
needed because of the fever (5 F ) This should include 500 
cc of saline to cov or the normal loss of chlorides m the urine 
and sweat Rclivdration of tissues will require 800 cc (4 per 
cent of bod) weight) to be given as ’100 cc isotonic saline 
and 700 cc of one sixth molar sodium lactate solution Rais 
ing the carbon dioxide combining pow cr with alkali need not 
bt attempted in this case One liter of 5 per cent dextrose m 
saline is preferable altlii ugh 2 liters might be given The 
plasma protein deflett is 1500 cc of normal plasma as read 
from Fig 531 Half this dose should be giv en at once and the 
remainder on the ft How mg Jiv to spread out the burden on 
the cardiovascular svstem The total fluid requirement is the 
I isic w Iter need plus the allow ance for the clev ated tempera 
turc and rchv dntion of the tis ues or a toril of 6550 cc The 
ahne lactate and pUsim arc included as parts of this volume 
The fluid dose recommended f r the first twentv four 


liours IS 

SjI OJU pe Jino cc 

\1 fi M J I CT 00 

N m 1 pi 750 

O t 10 pc >» 000 

T I fl « 6550 cc 
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Dunng the second tw ent> four hour period of treatment the 
remainder of the plasma dose is given with 500 cc of saline 
and sufficient dextrose solution to make a total volume of 
3750 cc If the carbon dioxide combining power does not 
return to normal on the second day an additional liter of 
dextrose m saline should be given 

P Imo ry D a nag 

Fluids from a Jung abscess empjcmj or followinga pneu 
monectomy or lobectomy are nch in protein which came 
initially from the plasma I ong continued loss of these fluids 
leads to a depletion of plasma proteins vith a possible rcduc 
non m plasma volume The situation is aggravated because 
the chronically diseased long usually occurs in a debilitated 
mdmdual w ho may not hav e a normal capacitj to regenerate 
plasma protein In view of the wide variations among patients 
no general rules can be given Small repeated transfusions 
(100 or 200 cc ) of normal plasma should be given once or 
twite weekly if the plasma protein is less than 6 gm per 100 
cc or the hematoent value ts above normal 

Sh ek ad H m ffi g 

In both of these conditions the enucal state is a conse 
quence of dispantv betv cen the volume of circulating blood 
and the capacity of the vascular tree The immediate treat 
ment needed is a restoration of blood volume by massive 
transfusions of plasma or whole blood In view of the current 
controvcfsics r^irdrn"- the validity of laboratory data in 
shock and hemorrha<TC reliance shovdd be put on clinical 
indications If there is no perceptible pulse at the ankle or 
wrist 500 to 1000 cc of plasma should be given rapidly — 
w ithin half an hour Addinonal plasma or whole blood is then 
given slov ly about 100 cc per hour until a peripheral pulse 
IS mamtained in fair volume The red cell count mav be 
raised m an average size adult about one milLon by giving I 
liter of whole blood In treating the patient m shock restor 
mg and maintaining the total blood volume is more impor 
tant than getting a normal red cell count 
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SUMMARY 

The successful control of fluid balance in surgical patients 
IS conditioned b\ three factors (1) intimate cooperation be 
tween clinical and laboraiorj staffs (’) the supply of suit 
able parenteral fluids including an adequate stock of human 
blood and plasma (blood bank) and (3) systematic study 
and treatment of each patient as an individual problem in 
fluid balance 

A routine program for the studv and control requires 

1 Historv and physical etamination of the patient 

■’ Urinalysis determination of hematocrit values blood 
plasma chlorides protein and carbon diovide combm 
ing power and blood nonprotem nitrogen or urea 
mtrogen 

3 The proper imerpretauon of the findings climcal and 

chemical in order to determine the nature of the 
chemical lesion and recognize the brnmng factors 
inv olved 

4 A plan for treatment covering (a) the kind of fluids to 

be given and the route of administration (i) the 
dose of each required (c) the administration of the 
fluid and (d) the indications of untoward reactions 
and finally 

5 Checl ing the results of treatment by clinical impressions 

and by repeating the laboratory tests 
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